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Add Mouse Support To Your Programs 


How To Detect 8c Measure Physical Parameters 


New Graphical Userinterface Column: "GUI Guts” 









Over 5000 products fo choose from! 


HARD CARDS 


Our Hard Cards come preformatted, pre-tested, in Tandy/IBM computers. They include disk management and disk cache 
speed-up software. Also comes with many other free software programs such as games, utilities, and many others! These 
Hard Cards are easy to install and can go from one machine to another, Install in minutes, just plug in and go! (Please specify 
if you own a Tandy, IBM, or IBM Compatible) 


DH Ughtcard 21 Meg 39 ms 


8 BIT. 
.229 00 

DH Ughtcard 21 Meg 39 ms 

16 BIT 
244.00 

DH Ughtcard 32 Meg 39 ms. 


245.00. 

DH Ughtcard 32 Meg 39 ms 

260.00. 

DH Ughtcard 42 Meg 38 ms 


280.00 

DH Ughtcard 42 Meg 38 ms 

295.00. 

DH Ughtcard 50 Meg 28 ms 


329.00 

DH Ughtcard 50 Meg 28 ms 

344 00 

DH Ughtcard 68 Meg 22 ms 


375.00 

DH Ughtcard 68 Meg 22 ms 

390.00. 

DH Ughtcard 85 Meg 28 ms 


425.00. 

DH Ughtcard 85 Meg 28 ms 

499.00 

DH Ughtcard 1 1 1 Meg 28 ms 


685.00 

DH Ughtcard 1 11 Meg 28 ms 

699.00. 


HARD DRIVES 


Our Hard Drives are inittialized, partitioned and lormatted Each drive is then tested for integrity, to ensure you get a first class 
product! Included with your dnve you get disk management as well as speed caching software. Also included are many other 
programs such as games, utilities and many others. You will have hours ot enjoyment from your new hard drive and free 
software! 


Model 

Size 

Brand 

Speed 

Dimension 

Bare 

XT/Tandy 16 Bit Kit 

ST225 

21 M 

Seagate 

48ms 

5.25 

183. 

224 234. 

ST 1 25 

21 M 

Seagate 

28ms 

3.5 

224 

255. 265. 

KL320 

21M 

Kalok 

39ms 

3.5 

144 

196. 206. 

ST238R 

32 M 

Seagate 

40ms 

5.2 

193. 

237. 257. 

ST138R 

32M 

Seagate 

28ms 

3.5 

226. 

254 278. 

KL330 

32M 

Kalok 

39ms 

3.5 

163 

225. 234 

ST251 

42M 

Seagate 

28ms 

5.25 

245 

286. 295. 

ST151 

42M 

Seagate 

24ms 

3.5 

336. 

367. 376. 

SN2040 

42M 

Samsung 

35ms 

3.5 

197 

257 267 

KL343 

42M 

Kalok 

28ms 

3.5 

234 

N/A 254. 

CP3044 

42M 

Conner 

28ms 

3.5 

286. 

N/A 315. 

WD2044 

42M 

Western Digital 

18ms 

1.0 

294 

N/A 325. 

ST157R 

48M 

Seagate 

28ms 

3.5 

266. 

316 326. 

ST157A 

48M 

Seagate 

28ms 

3.5 

235. 

N/A 287. 

PT1357R 

48M 

PTI 

28ms 

3.5 

257. 

314 334 

MK134A 

68M 

Toshiba 

22ms 

3.5 

307. 

356. 375. 

ST1277R 

62M 

Seagate 

28ms 

5.25 

257. 

304. 326. 

MC8085 

85M 

Microscience 

40ms 

5.25 

326. 

387 424. 

ST296N 

85M 

Seagate 

28ms 

5.25 

317 

356. 385. 

ST1096N 

85M 

Seagate 

28ms 

3.5 

394 

455. 486 

MX7080A 

SOM 

Maxtor 

19ms 

1.0 

384, 

N/A 397. 

ST1125N 

him 

Seagate 

19ms 

3.5 

694 

724. 754. 

VGA ENHANCEMENT 


Ready for VGA Upgrade the Data Hut Way! Full replacement warranty! 


VGA Combo 1: 14..2B DP, 640 * 480. 256 K. 8 Bit 
VGA Combo II: 14„28 DP, 640 x 480, 512 K, 16 Bit 

VGA Combo III: 14, 28 DP, 1024 x 768,512 K, 16 Bit 

VGA Combo IV. 14..28 DP, 1024 x 768, 1024 K. 16 Bit. . 


EXPANDED MEMORY BOARDS 


These boards work in Tandy and XTs and include UM 3.2 8 Bit 


Board with OK 

Board with 256 K. ...... 

Board with 512 K 

Beard with 1 MEG. ... 
Board with 1.5 MEG 
Board with 2 MEG 
Beard with 4 MEG . 


MODEMS 


386 00 
.425.00 
455.00 
. .515.00 


139.00 

175.00 

199.00 

215.00 

235.00 

285.00 

540.00 


Our Modems are Hayes compatible. They come complete with communication software cable and everything you need to 
start communicating in minutes! 


2400 BAUD Internal with MNP Level 5 

2400 BAUD External 

2400/48100 MNP 7 BAUD Modem 


75.00 

.115.00 

135.00 


EX-HX HARD DRIVE SYSTEMS 


Our Hard Dnve systems have been prelormatted and pretested in Tandy EX/HX computers. Disk management as well as 
speed-up software programs such as games, utilities and many others! By simply removing the EX/HX adaptor our drives will 
plug into any normal computer. Order the flash drive today and spend hours with the tree software 


DH EX-HX Extenal Drives 21 Meg 39ms . 285.00 

DH EX-HX Extenal Dnves 32 Meg 39ms 325.00 

DH EX-HX Extenal Drives 42 Meg 28ms. .375.00 

DH EX-HX Extenal Dnves 50 Meg 28ms 455 00 

DH EX-HX Extenal Dnves 68 Meg 22ms 479.00 

DH EX-HX Extenal Dnves 85 Meg 28ms 515.00 


Interna! 42 Meg 28 ms 
Internal 85 Meg 16ms.. 
Internal 105 Meg 19ms. 
Internal 130 Meg 15ms 


FAX BOARDS 


Comes complete with phone cord and software. Full five year warranty 

Send FAX 4800 BAUD int 

Send/Receive FAX Plus Modem 9600 BAUD FAX/4800 Modem 


SPEED ENHANCEMENTS 


.$299.00 
$389.00 
. $469.00 
. $499.00 


.24.95 

.24.95 

.34.95 

29.95 

74.95 


Increase the speed of your computer by an overall 50% with this easy to install upgrade 1 ir 
IBM XT or IBM XT Compatible 

Tandy 1000, 1000A.100SX 

Tandy 1000SL, 1000SL72 

Tandy 1000EX. 1000HX 

PC Sprint Increases CLK SPD Tandy 1000, 1000A, IBM XT, IBM XT Compatible 


FLOPPY DRIVE FOR TANDYS 


These floppy drives will install in minutes. Add a high density drive to your computer for less money 1 High density include 
controller card, cables, everything you need to make you start running! 

360K Internal Drive Kit 67.00 

720K Internal Dnve Kit 70.00 

1 2 Meg Internal Dnve Kit .... 139.00 

1 44 Meg Internal Dnve Kit 145.00 


SYSTEM MEMORY UPGRADES 


D 5X Upgrade Tandy EX or HX to 640 

DH 1 0X Upgrade Tandy SX, EX or HX from 384 to 640 

DH 20L Upgrade SL or SL2 from 384 to 640 

DH 3TX Upgrade any TX from 640 to 766 
DH 4TL Upgrade TL or TL72, TU3. from 640 to 768 

DH 5N I Upgrade 3000 NL to 640 

DH 6RL Upgrade Tandy 1000 RL, 1000RLX from 640 to 1 Meg 

DH 100 Upgrade Tandy 1000 or 1000A Irom 128 to 640 

D 120 Upgrade Tandy 1200 from 256 to 640 

DH IBM Upgrade IBM PC/XT ERP 256 to 640 


...174.00 

42.00 

45.00 

.29.00 
.29.00 
.. .39.00 

42.95 

.235 00 
. .. 200.00 
. . 200.00 


Don't go nuts trying to install your hard drive. 


Flashdrive Parallel AC Only Hard Drive 
The Flashdrive Parallel Hard Drives offer an easy way for 
you to add a hard drive through the parallel port to any 
laptop, notebook, PC/AT Desktop and PS/2 Computer 
So compact and portable, you will take the flashdrive 
anywhere the laptop goes. Best of all is the low low price 
of this top seller! 

Measures: 9.51 X 6" X 2.5’H 23 MS Access 

Flashdrive Parallel Battery AC Power Hard Drive 

The flashdrive battery version includes Nicad Batteries 
with an average of 4-6 hours of battery time, in a package 
that weighs only a pound and a half. Measures 5"W X 
5.25L X 1.5"H. Total Package 150KB transfer rate 19MS 
access time. 

Comes in 20, 40. 60, 80, 120. 204, or 340MB. Access 
times vary from 1 SMS to 23MS. 

Call lor current pricing! 


We won’t be undersold! We’ll beat any competitor’s advertised price! 


#6 North Ct. St. 
Owingsville, KY 40360 
M-SAT 9AM - 8PM EST 
FAX 606-674-3917 
Local 606-674-3916 


800 - 487-3488 


• No Surcharge On Credit Cards 
• C.O.D. & Purchase 
Orders Accepted 
• All Pricing & Availability 
Subject to Change Without Notice 













UPGRADING & 
ENHANCING 

16 Removable Mass-Storage SCSI 
Cartridge Drives 

By Tom Carlton 

Relieves the perennial problem of 
running out of hard-disk space. 

20 Memory Management, Part 1 

By Wayne Yacco 

Fit large programs into RAM from 
0 to 640K by moving as many 
resources as possible into high 
memory beyond 1M. 

32 A Tower of an Enclosure, 

Part 4 

By Nick Goss 

Construction, checking out the 
Cyance Bus Expander System 
and final installation. 

APPLICATIONS 

43 Adding Mouse Support to 
Your Programs 

By Hardin Brothers 
Making programs respond to 
mouse commands can be 
deceptively simple. 

46 Detecting & Measuring 
Physical Parameters 

By Jan Axe Ison 

How to use sensors to detect and 
measure just about anything. 


53 Windows & OS/2 Conference 

By Tom Carlton 

A glimpse at what’s churning for 
the corporate world. 

56 Experimenting With 

Motorola’s 68HC11 True 
Single-Chip Microcomputer, 
Part 5 

By Tom Fox 

Using the BUFFALO Monitor 
and MAG-1 1 to produce an 
inexpensive single-chip 
MC68HC1 1 system. 

66 VGA to the Max, Part 1 

By Crady VonPawlak 
A look at inexpensive near-True 
Color graphics and Windows 
accelerators. 

REVIEWS 

70 PC-Generated Printed-Circuit 
Boards 

By Tom Fox 

Experiences With “PCBoards” 
Software. 

85 Computer Games 

By SF Sparrow 
The Upgrade Wars. 

COLUMNS 

72 GUI Guts 

By Wayne Yacco 
Fitting More Power Into 
Windows. 


75 Ted Needleman 

The Software Toolworks “Miracle 
Piano Teaching System.” 

78 Joseph Desposito 

New Neuron Chip; Multiple Array 
Matrix EPLD; New NEC 
Microcontrollers; and Dual 
RS-232C IC. 

DEPARTMENTS 

4 Editorial 

By Art Sals berg 
Reader Profile. 

6 What’s Happening! 

Latest PC News. 

7 Letters 

8 What’s New! 

By Peter R. O'Dell 
A roundup of new computer 
and electronic products. 

89 Advertisers Index 


ON THE COVER: Removable 

mass-storage SCSI cartridge drives can 
eliminate the problem of constantly run- 
ning out of hard-disk space for storing ap- 
plications and files. They also provide a 
convenient means for transporting files 
from one computer to another and for 
safeguarding data by storing the cartridges 
in a locked safe. 
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Editorial 


Reader Profile 


Our recent readership study was very revealing. 
It indicated that you are indeed a special com- 
puter-involved audience. 

Not surprisingly, some 87% of the respon- 
dents observed that they upgraded a computer 
themselves (installing a hard drive, adding a 
memory board, etc.). The same percentage own 
at least one PC, while most of the small remain- 
der own other microcomputer types, such as 
Amiga or Macintosh. What’s more, two out of 
five respondents own a PC with a 386SX-or-bet- 
ter microprocessor, although half of you still 
have an AT (80286-CPU) model. However, 
some of the latter are had by multiple PC 
owners, who number about one-third of re- 
spondents. 

Less than 4% of you personally own a 486- 
CPU computer, though a number of respon- 
dents use one in the work place. Interestingly, 
a StoreBoard/Computer Intelligence study in- 
dicates that about 3% of all PCs sold in 1991 
were 486 types (386DX and SX machines led 
with about 58). As I expressed in my March ed- 
itorial, I feel that the 486 is the way to go if you’re 
planning to buy a new system, even if it’s only 
a 486SX. Just be sure that your motherboard 
has a processor enhancement socket (Intel is 
pressing board makers to include one in their 
new board designs). 

I know that when one lays out personal rather 
than corporate money, there’s a tendency to stay 
safely behind the leading technical edge in order 
to reduce your outlay. For sound investment 
reasons, though, I’d advise you to weigh options 
carefully because the 50-MHz and faster 
486DXs are coming up, not to mention the 586 
microprocessor. With a 386, you won’t easily 
be able to play catch-up without dumping cost- 
ly entire boards. Although prices of 486DX 
25-MHz computers have dropped dramatical- 
ly, I’d hold out for a 33-MHz one. 

Nearly one-fifth of PC owners who filled out 
our reader survey questionnaire already have 
non-impact printers (laser or ink-jet), while 
about one-third own a 24-pin model. I expect 
more and more of you will choose to own the 
former since selling prices have dropped con- 
siderably. Trading off speed for better output 
quality and lower operating noise will win the 
day, I believe. 

VGA or SVGA video monitors dominate 
among our readers, with about 70% of you in- 
dicating you have one. It’s obvious from com- 
puter system types cited on the survey that many 
of you upgraded your systems to this higher 
standard. 

Given the technical orientation of Computer- 
Craft , it’s natural that many readers carry a 
technical title in either the computer or elec- 
tronics industry. Indeed, the study reveals that 
more than half do — engineers, technicians, pro- 
grammers, LAN administrators, system devel- 
opers, etc. Corporate executives, business own- 
ers, educators and students account for another 
quarter. And nearly 15% are computer resellers, 
professionals (physicians, accountants, etc.) or 
craftsmen (mostly plant electricians). The re- 
mainder bear such titles as CAD draftsmen, 
computer sales/service representative, technical 


writer, computer operator, armed forces, and 
a wide variety of others. 

The median age of respondents is estimated 
to be in the late thirties, the largest group being 
between 35 and 44 years. 

Clearly, the core of ComputerCraft readers 
is unlike that of most computer publications. 
The study substantiated that they’re active com- 
puter users who open the cases of their equip- 
ment to improve or expand its operation and 
who constantly seek new ways to apply their PCs 
and microcontrollers at work and at home. How 
closely do you fit into the average reader pro- 
file outlined here? 

I n the software world, word-processing pro- 
grams are used by most respondents, which is 
natural. But other applications are heavily used, 
too. More than half of you also employ telecom- 
munications, database, spreadsheet and graph- 
ics packages, while computer-aided design 
(CAD) and Microsoft Windows are used by 41 % 
and 40% of respondents, respectively. Desktop 
publishing, too, has a strong user base among 
our readers, with almost one-third of respon- 
dents using the software. 

Most respondents said they are involved with 
computer languages, led by BASIC with near- 
ly three-quarters. This is followed by assembly 
language with 45%, QuickBASIC with 37%, C 
with 35%, Turbo Pascal with 20% and C + + 
with about 1 5 % of readers who do programming. 

About three-fourths of respondents who use 
telecommunications software also subscribe to 
an on-line service, led by CompuServe with 
39% . Prodigy follows with 30% and GEnie with 
18%, Farther down are America Online with 
12% and Delphi with 8%. 

As we already know, the microcontroller field 
is increasingly popular among our readers. Ap- 
proximately three out of five respondents indi- 
cate they use or plan to use a microcontroller 
or SBC, while nearly this number say the same 
for an EPROM programmer or emulator. Some 
3 3 % of you use test products, software or hard- 
ware, to repair computers. About 33% reported 
they were involved in computer networking. 

Mail-order purchases represent the largest 
buying source, with three out of five respondents 
indicating this for hardware and a nearly equal 
number for software. About 15% noted they 
also purchase products from computer shows 
and swap meets. Extrapolating the study’s re- 
sults on computer buying plans for the next 12 
months, the average reader is expected to spend 
$2,694 on hardware and software. 

ComputerCraft readers are heavily involved 
with computers at their work, with better than 
two out of five in the study indicating they’re 
employed in the computer or a related field. A 
similar number note that they are responsible 
for selecting computer equipment at their work- 
site, while another one-third report that they do 
this informally. 
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SEND FOR FREE CATALOG! OVER 150 NEW ITEMS! 


rB. 6 . MICRO 


SPECIALS 


SUPER BUYS 


MAX232 2.30 

1488 .45 

1489 .45 
DB25-(Solder Cup) M/F 2/1.00 
DB25-RL Angle PC BD. F .55 
DB9-Rt. Angle PC BD. M/F .35 


FANS 


12VDC - Brushless 
Manufactured by Commonwealth 
Model FP 108D-7 Blades 
8 Wire Leads - 150MA 
3Ve" Square - 1 " Thick 
This size commonly used in 
computer power supplies. 
$6.95 ea. 


DISPLAY DEVICES 


FLAT PANEL LCD 
GRAPHIC DISPLAY 
EPSON EG-7004S-AR 

MO x 200 dolt - Super twitted nematic type 
Built In driver* - 4 blt'TTL Inlerfec* - C»p«bl* ol 
dlspltylng numeric*, graphic*, alphabetic*, ipeclal 
character*, graph*, chart*, and pattern*. 
Viewing area 10-7/18“ *4-5/8 Overall 11-3/8' x 6-1/16“ 
14 pin* lor signals *nd power (+5V, -12V). 

Complete 27 page manual 

$19.95 6/SI 00.00 
LTP 1157AE 

1.2" 5x7 Matrix Display* 

5x7 Array with x.y select. 

Thl* Red Orange Matrix Can Be 
Stacked Horizontally. Choice ot 
Two Matrix Orientation-Cathode 
Column, Anode Row. Great For 
'Moving Message’* Signs. 

$1.19 Ea., 8/$6.95, 1 00/$75.00 


LS00 

LS01 

LS02 

LS03 

LS04 

LS05 

LS08 

LS09 

LS10 

LS1 1 

LSI 2 

LSI 3 

LS14 

LSI 5 

LS20 

LS21 

LS22 

LS26 

LS27 

LS28 

LS30 

LS32 

LS33 

LS37 

LS38 

LS42 

LS51 

LS54 

LS55 

LS73 

LS74 

LS75 

LS83 

LS85 

LS86 

LS90 

LS92 

LS93 

LS95 

LS96 

LS107 

LSI 09 

LS1 1 2 

LS1 13 


.14 LS1 14 .25 
.14 LS122.35 
.14 LSI 23 .45 
.14 LS124 1.35 
.14 LSI 25 .30 
.14 LSI 26 .35 
.14 LSI 32 .35 
.14 LS133.25 
.14 LSI 36 .28 
.14 LSI 38 .35 
.20 LSI 39 .35 
.25 LS145 .75 
LS148 .35 
LSI 51 .35 
LS153 .35 
LS154 .85 
LS155 .50 
LS156 .42 
LS157 .30 
LS158 .25 
LS160 .25 
LS161 .35 
LSI 62 .45 
LSI 63 .36 
LSI 64 .45 
LS165 .60 
LSI 66 .75 
LS169 .90 
LSI 70 .45 
LS173 .60 
LSI 74 .35 
LSI 75 .35 
LS181 1.25 
LSI 91 .45 
LSI 92 .65 
LS193 .65 
LS194 .40 
LSI 95 .52 
LSI 96 .55 
LSI 97 .75 
LS221 .50 
LS240 .50 


.30 

.20 

.14 

.16 

.16 

.14 

.20 

.15 

.14 

.16 

.25 

.24 

.24 

.35 

.15 

.20 

.20 

.33 

.22 

.25 

.30 

.45 

.20 

.35 

.30 

.25 

.30 

.33 

.28 

.20 

.25 

.25 


LS241 .60 
LS242 .65 
LS243 .50 
LS244 .55 
LS245 .55 
LS251 .45 
LS253 .40 
LS257 .35 
LS258 .45 
LS259 1.00 
LS260 .40 
LS266 .30 
LS273 .75 
LS279 .30 
LS280 .80 
LS283 .35 
LS290 .70 
LS293 .50 
LS298 .65 
LS299 1.00 
LS322 1.30 
LS323 2.25 
LS348 .75 
LS353 1.00 
LS357 .80 
LS363 .75 
LS364 .75 
LS365 .30 
LS366 .28 
LS367 
LS368 
LS373 
LS374 .45 
LS375 .35 
LS377 .75 
LS378 .80 
LS390 .80 
LS393 .75 
LS399 1.00 
LS541 1.20 
LS645 .75 
LS646 .75 
LS670 .80 
25LS2569 1.50 


.35 

.30 

.50 


DTMF 

SSI-202 Decoder 2.25 

8870 Decoder 2.25 

5087 Generator 2.00 

5089 Generator 2.10 


THE $25 NETWORK 


Try The 1st Truly Low Cost LAN 

. Connect 2 or 3 PCs, XTs, ATs 

• Uses serial ports and 5 wire 
cable 

. Runs at 1 15 K baud 

. Runs In background, totally 
transparent 

• Share any device, any file, any 
time 

• Needs only 14K of ram 
Skeptical: We make believers! 


LITTLE BIG LAN 


• Low cotl $75 per LAN, not per node! 

• Hardware Independent network 

ARCNET, Parallel, and Serial port 
lupport on flrtl releate 
Serial Speed; 6SOO(XT)-05OO{AT) byte* 
per *econd 

Parallel Speed: 8000( XT)-29000(AT) byte* 
per second 

ARCNET Speed 40000 plu* byte* per 
second 

• U*e any PC/XT/AT/386 mix. even laptop* 
and PS/2 machine* 

Connect up lo 254 computer*, can mix 
connection method* (Serial Parallel. 
Arcnet) 

• OOS File and Record locking support 

• Share any device, any (lie. any program 

• Run* in Ihe background totally transparent 

• Low memory overhead 

Typically only 28K is needed, but will 
vary with various setups 

• Work* wtth moil »oltw*re. Including DBASE 
III, Microsoft 

WORD. LOTUS 123. Window* 3, 
AUTOCAO, Word Perlect, all compilers, 
GWBASIC, and. In tact, mo*t anything 1 

• Work* with DOS 2.0 to DOS 5 0 and DR 
OOS 

OOS 3.1 or greeter I* preferred 

• Open network, programmer API provided 

Example for low-level link modules 
you can support special hardware 
Full specs provided on packet level 
protocol* 

CABLES A ARCNET CARDS &7C. 

AVAILABLE - PLEASE CALL $> / D . 


SOCKETS 


P. 0. Box 280298 Dallas, Texas 75228 
(214) 271-5546 
FAX (214) 271-2462 


VISA 




TEXT TO SPEECH BOARD 


PC/XT COMPATIBLE. MAKE YOUR COMPUTER TALK! 




$69 


95 



ASSEMBLED & TESTED 
ADD $3.50 SHIPPING 
& HANDLING 


A VERY POWERFUL AND AMAZING SPEECH CARD. USES THE 
GENERAL INSTRUMENTS SP0256-AL2 SPEECH CHIP AND THE 
CTS256A-AL2 TEXT TO SPEECH CONVERTER 

THIS BOARD USES ONE SLOT ON THE MOTHERBOARD AND 
REQUIRES A COM SERIAL PORT- BOARD MAY ALSO BE USED IN A 
STAND ALONE ENVIRONMENT (EXTERNAL POWER SUPPLY) WITH 
ALMOST ANY COMPUTER THAT HAS A RS232 SERIAL PORT. TO 
USE THE BOARD IT IS ONLY NECESSARY TO SEND ENGLISH TEXT 
TO THE RS232 INPUT ON THE BOARD. THE BOARD INCLUDES A 
1500 BYTE TEXT BUFFER AND HANDSHAKE LINE TO ALLOW YOU 
TO SEND DATA TO THE BOARD; THE SAME AS YOU WOULD SEND 
DATA TO AN RS232 SERIAL PRINTER. YOU CAN SET UP BATCH 
FILES THAT WILL MAKE YOUR COMPUTER GREET YOU WITH 
GOOD MORNING MASTER *’ ETC. EVERY TIME YOU TURN IT ON 
DEMONSTRATION SOFTWARE AND A LIBRARY BUILDING PRO- 
GRAM ARE INCLUDED ON A 5 1 /* INCH PC/XT DISKETTE. FULL 
DOCUMENTATION AND SCHEMATICS ARE ALSO INCLUDED 
FOR INFORMATION ON A LOW COST SPEECH SYNTHESIZER 
SYSTEM FOR THE VISUALLY IMPAIRED, PLEASE SEND FOR FREE 
PACKET T M l 


STAND ALONE POWER SUPPLY 
FOR ABOVE 

ADD $2.50 SHIPPING & HANDLING 


*19 


99 


Low Profile SOLDER TAIL 1 

6 Pin 

14/1.00 

8 Pin 

13/1.00 

14 Pin 

13/1.00 

16 Pin 

13/1.00 

18 Pin 

13/1.00 

20 Pin 

13/1.00 

22 Pin 

13/1.00 

24 Pin 

8/1.00 

28 Pin 

7/1.00 

40 Pin 

BUY $10 

7/1.00 

GET $1.00 - FREE CHOICE 

68 Pin PLCC 

79 

84 Pin PLCC 

.89 


STATIC RAM 


2016-2KX8 200 n.s. 
2101-1 - 256X4 500 n.s 
21L02-1 350 n.s 
2102AL-4 L.P. 450 n.s. 
2111-1 256X4 500 n.s. 
2112A-2 

2114L-3 1 KX4 300 n.s. 
2125A-2 1 KX1 70 n.s. 
2147 4KX1 
6116P-4 

6117 

6264-15 
62256 32KX8 


1.00 

75 

.65 

.49 

1.00 

2.50 

.45 

1.70 

1.95 

1.00 

1.20 

1.40 

5.75 


EPROM SPECIAL 


We bought a large quantity of 
2708s, 2716s, 2532s, 2732s, 
2764s, 27128s 27256s and 

27512sfrom a computer manu- 
facturer who redesigned their 
boards. We removed them from 
sockets erased and verified 
them, and now we ofterthe sav- 
ings to you. Complete satisfac- 
tion guaranteed 


DYNAMIC RAM 


2108-4 8KX1 1.50 

2118-4 16KX1-5Volt .70 

.80 
.40 
.75 
.90 


6500/6800 

6502 

2.00 

6821 

1.00 

6520 

1.25 

6845P 

2.20 

6522 

2.70 

6845S 

2.20 

6530 

3.00 

6850 

1.75 

6532 

4.25 

6852 

3.50 

6545 

2.10 

6860 

3.95 

6551 

2.40 

68681 

3.00 

6800 

1.40 

68A09EP 

1.29 

6802 

2.50 

68A40 

4.00 

6803 

3.00 

68A54 

3.00 

6805 

2.95 

68B09 

4.00 

6809EP 2.75 

68B10 

2.00 

6809P 

2.50 

63845 

4.95 

6810 

1.25 

68B54 

4.00 


4027-4KX1 -250 n.s. 

41 16-16KX1-250 n.s. 

41 16-1 6KX1 -200 n.s. 

4116 16KX1-150 n.s. 

4164 150 n.s. .49 or 9/3.50 

4164 120 n.s 1.10 

4164-100 n.s. 1.40 

TMS4416-16KX4-1 50 n.s. 2.75 
4464-150 n.s 1.40 

4464-120 n.s. 1.45 

4464-100 n.s. 145 

4464-80 n.s 1-45 

41256 150 n.s. 1.25 or 9/9.95 
41256 120 n.s. 1.30 or 9/10.99 


2708 

Your Choice 
1.20 

10/8.00 

2716 

1.75 

10/15.00 

2532 

2.00 

10/17.50 

2732 

2.00 

10/17.50 

2764 

2.00 

10/17.50 

27128 

3.00 

10/25.00 

27256 

3.50 

10/30.00 

27512 

. . 4,75 

10/40.00 


8000/80000 


41256 100 n.s 
41256-80 n.s. 
41256-60 n.s. 

1 Meg - 100 n.s. 


1.30 or 9/10.99 
1.30 or 9/10.99 

1.85 

4.40 


1 Meg - 80 n.s. 4.40 

414256-80 n.s. 256 x 4 4.60 

SIPPS & SIMMS AVAILABLE 


THREE CHIP SET 


B.G. SPECIAL 
16450, 1488, 1489 — $6.95 
16550, 1488, 1489 — $13.50 


8031 

2.95 

8251 

1.10 

80C32 i 

2 3.95 

8253-5 

1.75 

8035 

1.00 

8254 

1.80 

8039 

1.00 

8255 

1.50 

8085 

1.55 

8255-5 

1.75 

8086 

1.55 

8257 

1.50 

8087 

87.50 

8259A 

1.85 

8087-1 

167.50 

8259C- 

5 2.10 

8087-2 

127.50 

8275 

10.95 

8088 

2.20 

8279 

2.25 

8088-2 

3.25 

8284 

1.49 

8155 

2.25 

8286 

3.50 

8156 

2.25 

8287 

2.49 

8202A 

8.00 

8288 

3.50 

8212 

1.25 

8530 

3.00 

8214 

2.00 

8741 

7.00 

8216 

1.25 

8742 

7.00 

8224 

1.25 

8748 

7.00 

8228 

1.75 

8749 

7.00 

8237-5 

2.80 

8755 

7.00 

8243 

1.75 80286-8 PLCC 8.50 

8250 

2.95 80287-8 

125.00 

(16450) 

6.50 

80287-10 

135.00 

(16550) 

13.00 

V-20-10MHZ 

6.50 


TERMS: (Unless specified elsewhere) Add $3.25 postage, we pay balance. Orders over $50.00 add 85C for insurance. No C.O.D. Texas Res. add 
8V*% Tax. 90 Day Money Back Guarantee on all Items. All items subject to prior sale. Prices subject to change without notice. Foreign order - US funds 
only. We cannot ship to Mexico or Puerto Rico. Countries other than Canada, add $9.00 shipping and handling. 
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What’s Happening! 


Michelangelo Virus Spreading. Discovered in mid-1991, the 
Michelangelo virus is said to have infected many products. Among 
them are Leading Edge Products, which shipped 6000 infected 
machines, and 600 demo disks from DaVinci Systems. The virus uses 
the same efficient replication process found in the Stoned virus, 
the most common one in the U.S. It presents no warning until 
triggered on March 6 of any year, when it overwrites the hard 
disk with random information found in memory. It infects master 
boot records of hard disks and boot sectors of floppy disks. 

According to the National Computer Security Association, the 
virus occupies about 2K of memory when resident, decreasing what 
DOS reports as available memory by that amount. When resident in 
memory, any action that accesses a floppy disk via interrupt 13h 
will infect the disk. Some reports indicate that the virus 
misinterprets a 1.44M floppy's Disk Parameter Block, returning a 
message, "Invalid Media," when accessed again. 

The virus is said to be easy to remove. Call NCSA at 
717-258-1816 for free help in removing it and any other virus. 


Multimedia Messaging. A software add-on developed by Bellcore 
Labs enables Internet users to send and receive high-quality 
pictures and sound bites. Called Metamail, it's being given free 
by Bellcore to subscribers to Internet, the information network 
widely used around the world by universities, national 
laboratories, and the like. Metamail is the first program to be 
run under a new proposed multimedia e-mail standard called MIME. 
The interactive program can be adapted to any computer that uses 
the UNIX operating system. Since pictures and sound take much 
more time on phone lines that text data, the system is presently 
efficient only for users of high-speed phone links, not the 
relatively slow modems employed with most PCs. 


Jobs. The employment situation in the electronics industry 
remains steady, says Management Recruiters, Cleveland, OH 
search/recruitment specialists. Based on its 28th poll, nearly 
80% of executives contacted said they either plan to increase or 
maintain their staff levels ... .According to Department of Labor 
numbers reported last September, however, the industry had lost 
90,000 jobs. Only programming/software employment exhibited an 
increase, +8.9%, while total employment in other computer and 
electronics areas dropped 6 . 3% . . . . JOBHUNT software by Scope 
International (704-535-0614; orders only, 1-800-843-5627) can 
assist job-seekers in a work search. It provides names, 
addresses, phone/fax numbers and brief company profiles of 
leading potential employers nationwide. It features search and 
display by region and/or job function in computer science, 
engineering and other fields. You can type a sample cover letter 
for a resume into the program's word processor and automatically 
mail-merge it with addresses you selected. It also prints mailing 
and return-address labels. JOBHUNT, for IBM/compatible computers, 
uses 2 56K RAM and comes with both 5-1/4" and 3-1/2" disks. $49.95 
includes one free update. 
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Letters 


Regarding CAD/CAM Employment 

• I read your piece on CAD/CAM Em- 
ployment in the “What’s Happening!” 
section ( J anuary) and am interested in the 
National Association of CAD-CAM Oper- 
ators. Could you provide me with the mail- 
ing address for this organization? 

Ed Francisco 
Salem. VA 

NA CO is located at 10801 Hammerly, Ste. 
216 , Houston , TX 77043; tel.: 713 
932-8473.— Ed. 


Work of Fiction 

• This is to advise you that Lexmark [an 
IBM Alliance company] has withdrawn a 
radio ad that referred to a fictional “Nee- 
dleman Report.” We apologized to Ted 
Needleman for any misconceptions by lis- 
teners that the ad may have been referring 
to him personally. In no way was this the 
intended effect of the ad 

S. Brent Beckwith 
Manager 

Printer Market Development 
Lexmark International, Inc. 

Lexington, KY 

Article Updates 

• In “Experimenting With the Z8” (De- 
cember 1991), the pinout for the 2K 
EE PROM/EPROM /RAM /NVRAM is 
incorrect. The correct pins and signal 
names are: pin 9 I/Ol ; pin 10, 1/02; pin 
11 1/03; pin 13 1/04; pin 14. 1/05; pin 
15, 1/06; pin 16, 1/07 and pin 17, 1/08. 

Jan Axelson 

• In “Add Write-Protect Switches to PC 
Floppy Drives (March), the sentence in line 
seven, column three on page 50 should 
read: “Connect the + lead of your ohm- 
meter to the + 5-volt red wire in the power 
cable and the other lead to terminal Z of 
switch Sa.” 

A. A. Mangieri 

• The source (Magicland — see address be- 
low) for a ready-to-wire pc board for the 
MAG-1 1 SBC wasn’t given in the March 
issue of ComputerCraft . Readers can ob- 
tain the following from this source: dou- 
ble-sided pc board, No. MAG-1 lBDb, 
with plated-through holes (includes Parts 
List, schematic and wiring and construc- 
tion guides) for $25; partial kit, No. 
MAG-1 lPKT/b, consisting of pc board, 
all ICs that aren’t optional (including 
choice of MAG-1 1DIAG or BUFFALO 
firmware in EPROM), 7.32K resistor, IC 
sockets, PC-compatible program disk 
(3Vi-inch or 5!4-inch diskette and docu- 
mentation in three-ring binder for $65. For 


other MAG- 1 1 -related parts and kits, 
please write for details. 

I also discovered an error in the pc guide 
for the MAG- 1 1 in the March issue. It con- 
cerns the ground pin of J6 , which is shown 
incorrectly connected to pin 20 of U1 
There are several ways to fix this. (1) Leave 
position 4 of S2 set to on to ground the 
appropriate pins of J6 , but bear in 
mind that doing this prevents the an/ 
D4 from being used for A/D conversion. 


(2) Cut the component-side trace from pin 
19 of J6 on the component side of the 
board and jumper from pin 20 of J6 to the 
nearest ground. (3) On a single-sided 
board, simply move the jumper from its 
present position to ground. (4) modify the 
pc artwork in Fig. 7. 

Tom Fox 
Magicland 
4380 S. Gordon Ave. 

Fremont, MI 49412 


Electronics Workbench 

The electronics lah in a computer 


® 


Powerful software to build 
and simulate analog and 
digital circuits. 

Building and testing circuits is fast and 
easy with Electronics Workbench. Just 
click-and-drag with a mouse to add parts, 
run wires, and adjust instruments. The 
traces on the simulated instruments are 
the same as you’d get on real equipment. 

Electronics Workbench really is an 
electronics lab in a computer. It’s ideal 
for learning about electronics, 
experimenting, and prototyping circuits . 

u Electronics Workbench is pretty 

amazing. -Jerry PoumeUe, Ph D., InfoWorld 


DOS Professional Version - $299 
Macintosh Version - $199 

Electronics Workbench includes: 

• Analog Module with passive and active 
components including transistors, diodes, 
and op-amps; a function generator, an 
oscilloscope, a multimeter, and a Bode 
plotter. 

• Digital Module with gates, flip-flops, 
adders, a word generator, a logic analyzer, 
and a unique logic converter and simplifier. 

(416) 361-0333 

Interactive Image Technologies Ltd. 

908 Niagara Falls Boulevard 

North Tonawanda, NY 

14120-2060 

Fax (416) 368-5799 ^ ff 

INTO* ACTIVE 

Prices are In US dollars. Offer valid In the USA and Canada only. 

Macintosh Version Is monochrome only. All trademarks are the 

property of their respective owners. 
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What’s New! By Peter R. O’Dell 


No-Slot Hard Drive 

The Backpack hard-disk drive 
is the latest addition to the 
Backpack line of no-slot peri- 
pherals from Micro Solutions. 
The drive is easy to install. You 
just plug it into the parallel port 
and run the automatic installa- 
tion program. It requires no in- 
terface card because data trans- 
fers go through the printer 
port. The drive has a printer 
port to enable a printer or an- 
other backpack to be attached. 
The Backpack hard drive 
works on all DOS versions 3.0 
and later and isn’t limited to 
32M partitions under DOS 3.0. 
Two models are available: 40M 
at S625 and 100M at $795 . Mi- 
cro Solutions \ 132 W. Lincoln 
Hwy., DeKalb, IL 60115; tel.: 
815-756-3411; fax, 815-756- 
2928. 
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New SimCheck 
Adapters 

Aristo Computers has a series 
of new adapters for the Sim- 
Check Memory tester. They’re 
for ZIP Memory chips, PLCC 
and SOJ memory chips, banks 



of up to nine individual DRAM 
chips and Apple Macintosh 
Ilfx SIMMs. SimCheck tests all 
standard SIMMs and SIPs with 
eight or nine bits of 64K, 256K, 
1M, 4M, or 16M. A two-line 
LCD display provides instruc- 
tions and test results. Defective 
modules are analyzed to pro- 
vide explicit fault indications, 
including identification of de- 
fective bits and open/short wir- 
ing problems. $995; adapters, 
$99 to $345 . A risto Computers 
Inc., 6700 SW 105 Ave., Bea- 
verton, OR 97005; tel.: 503- 
626-6333. 


New Radio Shack Computer 


The Tandy 2500 SX/25 HD, 
the latest offering from Radio 
Shack, features a 25-MHz 
386SX with 2M of RAM (ex- 
pandable to 16M), one 3 !4 " 
drive, an 85M “Smartdrive” 
hard disk, on-board SVGA 
with 256K (expandable to 
512K), eight-bit bi-directional 
sound circuitry, MS-DOS 5.0, 
Windows 3.0, three 16- bit ISA 
slots, mouse and keyboard. 
Built-in ports include serial, 
parallel, mouse, microphone 
and headphones. The 2500SX/ 
25 also features automatic soft- 
ware upgrade for any new ver- 
sion of Windows released be- 
fore June 30. There’s also one 



5% " open bay in the low-profile 
15 V 2 " x 15" x 4% "case. Other 
versions are available as special 
order items from Radio Shack. 
$ 1 ,300. Radio Shack , 700 One 
Tandy Center, Fort Worth, 
Texas 76102. 
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Fast SX Coprocessor 

11T has a new 33-MHz math 
coprocessor for fast 386SX- 
based computers. The IIT- 
3C87SX is targeted at high-per- 
formance portable computers 
and the growing 386SX desk- 
top market. To serve the port- 
able market, IIT offers the 
3C87 coprocessors in space- 
saving PQFP packages. Like 
all its current products, the 
33-MHz IIT-3C87SX carries a 
lifetime warranty and is guar- 
anteed to provide 100% com- 
patibility with 386SX systems 


Word For Windows 

Microsoft Word For Windows 
2.0 focuses new features on 
making everyday word-pro- 
cessing tasks easier. The com- 
pany made extensive use of its 
“Usability Lab” to identify 
tasks most often used and then 
minimized the effort to activate 
them. Most needed features are 
now found on the customizable 
Toolbar. Cut-and-paste is re- 
placed with a “drag-and- 
drop” feature that greatly fa- 
cilitates editing text. An auto- 
matic envelope generator lifts 
the address from a letter and 
places it in the proper position 
on an envelope. 

Microsoft created a new vis- 
ual Print Merge Helper that 
guides the user through the 
mail-merge process. You can 



and software. $199. IIT, 2445 
Mission College Blvd., Santa 
Clara, CA 95054; tel.: 408 - 
727-1885; fax, 408-980-0432. 
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select bullets from a palette of 
more than 100, including stan- 
dard business bullets and more 
specialized symbols like hearts 
and arrows. WFW 2.0 comes 
with a new fully integrated 
grammar checker based on 
Houghton Mifflin technology. 
A new graphical File Finder lets 
you see long file names, the 
subject or content of a docu- 
ment before opening it. 

WFW 2.0 simplifies the pro- 
cess of creating and manipulat- 
ing tables. WordArt lets you 
manipulate text and fonts cre- 
ate special effects such as 
curved, rotated and even up- 
side-down text. Columns can 
be activated instantly with a 
mouse. You can choose from 
a wide variety of borders and 
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Phone-Usage 

Monitor 

CALLCOST from CMP auto- 
matically tracks incoming and 
outgoing phone calls for pro- 
fessionals and small business- 
es. The CALLCOST package 
comes with a small hardware 
buffer box, software for a DOS 
computer, documentation and 
necessary cabling. Once con- 
nected, it stores information 
about phone activity on the line 
such as on-hook/off-hook sta- 
tus, numbers dialed, call dura- 
tion and time/date of the call. 
The buffer box tracks and 
stores all phone activity whe- 
ther the computer is on or not. 
Periodically, information in 
the buffer box can be easily up- 
loaded to a PC using the 
CALLCOST software pro- 
gram. Phone data can be print- 
ed in a variety of report for- 
mats, to be used for client bill- 
ing, corporate reimbursement 
or general business manage- 
ment. CALLCOST has a facili- 
ty to set up a client database 
and account codes. Each pack- 
age monitors activity on one or 
two phone lines. $289. CMP 
Inc., 2150 W. 6 Ave., Unit N, 
Broomfield, CO 80020. tel.: 
800-245-9933. 
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shading and present data in 3D 
charts, using the same charting 
capabilities as those of Micro- 
soft Excel. A new drawing fea- 
ture lets you create and en- 
hance visuals for a document. 
A special on-line help facility is 
available for users who are fa- 
miliar with WordPerfect 5.1. 

WFW2.0 requires Windows 
3.0 or later, 286/386/486 based 
computer, 2M of RAM, EGA 
or greater-resolution monitor 
and 5M of hard-disk space for 
the minimum installation 
(maximum installation re- 
quires 15M!). $495, program; 
$129, upgrade. Microsoft 
Corp ., One Microsoft Way, 
Redmond, WA 98052-6399; 
tel.: 206-882-8080; fax: 206- 
883-8101. 
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UNICORN 

ELECTRONICS 

10010 Canoga Ave , Unit B-8 
Chatsworth, CA 91311 


LASER DIODES 


STOCK # 

MFG. 

WAVE- 

LENGTH 

OUTPUT 

POWER 

OPER. 

CURR. 

OPER. 

VOLT. 

1-24 

25-99 

100+ 

LS9220 

TOSHIBA 

660nm 

3 mW 

85 mA 

2.5 V 

129.99 

123.49 

111.14 

LS9200 

TOSHIBA 

670nm 

3 mW 

85 mA 

2.3 V 

49.99 

47.99 

43.19 

LS9201 

TOSHIBA 

670nm 

5 mW 

80 mA 

2.4 V 

59.99 

56.99 

51.29 

LS9211 

TOSHIBA 

670nm 

5 mW 

50 mA 

2.3 V 

69.99 

66.49 

59.84 

LS9215 

TOSHIBA 

670nm 

10 mW 

45 mA 

2.4 V 

109.99 

104.49 

94.04 

LS3200 

NEC 

670nm 

3 mW 

85 mA 

2.2 V 

59.99 

56.99 

51.29 

LS022 

SHARP 

780nm 

5 mW 

65 mA 

1.75 V 

19.99 

18.99 

17.09 

SB1053 

PHILLIPS 

820nm 

10 mW 

90 mA 

2.2 V 

10.99 

10.44 

9.40 


WAO II PROGRAMMABLE ROBOTIC KIT 




The pen mechanism in- 
cluded with the robot allows it 
to draw. In addition to drawing 
straight lines, it can also accu- 
rately draw circles, and even 
draw out words and short 
phrases, WAO II comes with 
128 x 4 bits RAM and 2K ROM, 
and is programmed directly via 
the keypad attached to it With 
its built-in connector port, WAO 
II is ready to communicate with 
your computer. With the 
optional interface kit, you can 
connect WAO II to an Apple II. 
lie, or 11+ computer. Editing and 
transfering of any movement 
program, as well as saving and 
loading a program can be 
performed by the interface kit. 
The kit includes software, 
cable, card, and instructions. 
The programming language is 


V 

• Power Source - 3 AA batteries (not included) 

BASIC. 



STOCK # 

DESCRIPTION 

1-9 

10-24 

25+ 

MV961 

WAO II Programmable Robotic Kit 

7999 

75.99 

68.39 

WIIAP 

Interface Kit For Apple II, IIE, II* 

39.99 

37.99 

34.19 


SINCE 1983 — YOUR I.C. SOURCE — AND MUCH MORE!! 
NO SHIPPING CHARGES ON PRE-PAID ORDERS!* 

NO CREDIT CARD SURCHARGE! 

SCHOOL P.O.’s WELCOME! 


PR0T0B0ARD DESIGN STATION 


• Variable DC output 

-5 - to 15 VDC @ 0.5 amp, ripple - 
5 mV 

• Frequency generator 

frequency range: 0.1 Hz to 100 KHz in 6 
ranges 

output voltage. 0 to ± 10V (20 Vp-p) 
output impedance: 600 (except TTL) 
output current: 10mA max., short circuit 
protected 

output waveforms: sine, square, triange, 
TTL 

sine wave: distortion 3% (10 Hz to 100 
KHz) 

TTL pulse: rise and fall time 25ns 
drive 20 TTL loads 

Square wave: rise and fall time il 5 s 

• Logic indicators 

8 LED's, active high, 1.4 volt (nominal) 
threshold, inputs protected to ± 20 volts 

• Debounced pushbuttons (pulsers) 

2 push-button operated, open-collector 
output pulsers, each with 1 normally- 
open. 1 normally-closed output. Each 
output can sink up to 250 mA 

• Potentiometers 

1 - IK .1 10K .all leads available 
and uncommitted 

• BNC connectors 

2 BNC connectors pin available and 
uncommitted shell connected to ground 

• Speaker 
0 25 W, 8 

• Breadboarding area 

2520 uncommitted tie points 

• Dimensions 

1 1 .5'' long x 16" wide x 6.5" high 

• Input 

3 wire AC line input ( 1 1 7 V. 60 Hz 
typical) 

• Weighl 

7 lbs. 


i The total design workstation - including 
expanded instrumentation, breadboard 
and power supply, 
i Ideal for analog, digital and micro- 
processor circuits 
8 logic probe circuits 
' Function generator with continuously 
variable size, square, triangle wave 
forms, plus TTL pulses 
i T nple power supply offers fixed 5 VDC 
supply plus 2 variable outputs +5-15 
VDC and -5- 15 VDC 
i 8 TTL compatible LED indicators, switches 
i Pulsers 
i Potentiometers 
i Audio experimentation speaker 
i Multiple features in one complete test 
instrument saves hundreds of dollars 
needed for individual units 
i Unlimited lifetime guarantee on bread- 
board sockets 
Fixed DC output 

+5 VDC @ 1 0 amp, ripple - 5 mV 

Variable DC output 
+5 - to + 15 VDC @ 0.5 amp. riDDie 
5 mV 


DESCRIPTION 


PB503 


Protoboard Design Station 


1-9 10-24 25+ 


299.99 284,99 256.49 | 


I DC BENCH ASSEMBLY PRESS 


The Panavise PV505 1/4 ton 
manual IDC bench assembly 
press is a rugged practical instal- 
lation tool designed for low 
volume, mass termination of 
various IDC connectors on flat 
ribbon cable 

• Assembly base & standard 
platen included 

• Base plate & platen may be 
rotated 90° for maximum 
versatility 

• Base plates & cutting acces- 
sories are quickly changed 
without any tools required 

• Additional accessories below 

• Size - 10" W x 8.75" D x 9" H 

• Weight - 5.5 lbs 



COLLIMATING PEN 


A low power collimator pen contain- 
ing a MOVPE grown gain GaAIAs laser 
This collimator pen delivers a maximum 
CW output power of 2.5 mW at 820 nm. 

The operating voltage of 2.2-2.5V @ 
90-1 50mA is designed for lower power 
applications such as data letrieval 
telemetry, alignment, etc. 

T he non-hermetic stainless steel case 
is specifically designed tor easy align- 
ment m an optical read or write system, 
and consists of a lens and a laser diode 
The lens system collimates the diverg- 
ing laser light 18 m rad The wavefront 
quality is diffraction limited 

The housing is circular and precision manufactured measuring 1 1.0 
mm in diameter and 27.0 mm long. Data sheet included. 

As with all special buy items, quantity is limited to stock on hand 


LASER DIODE MODULE 




The LDM 135 integrated as- 
sembly consisting of a laser 
diode, collimating optics and 
drive electronics within a single 
compact housing Produces a 
bright red dot at 660-685 nm It is 
supplied complete with leads for 
connection to a DC power supply 
from 3 to 5.25 V 
Though pre-set to produce a 
parallel beam the focal length 
can readily be adjusted to focus 
the beam to a spot 
Sturdy, small and self-con- 
tained the LDM135 is a precision 
device designed for a wide range 
of applications 0 64" diam. x 2" 
long 


STOCK# DESCRIPTION 1-9 10-24 2§+ STOCK# DESCRIPTION 1-9 10-24 25+ STOCK# DESCRIPTION 1-9 10-24 25+ 


j PV505 Panavise Bench Assembly Ptess 149 99 142.49 128.24 SB1052 Infra-Red Collimator Pen 49 99 47 49 


COLLIMATING LENS 


This economical collimaling 
lens assembly consists of a 
black anodized aluminum 
barrel that acts as a heat sink, 
and a glass lens with a focal 
point of 7.5 mm Designed to fit 
standard 9mm laser diodes, 
this assembly will fit all the 
above laser diodes. Simply 
place diode in the lens assem- 
bly. adjust beam to desired 
focus, then set with adhesive 


STOCK# DESCRIPTION 1-9 10-24 25+ 



DUAL MODE LASER POINTER 


New slimline lasei pointer is only 
in diameter x 6 long and weighs 
under 2 oz . 670 nm @ less than 1 
mW produces a 6 mm beam. 2 
switches, one for continuous mode 
and one for pulse mode (red dot 
flashes rapidly). 2 AAA batteries 
provide 8* hours of use. 1 year 
warranty. 


STOCK# DESCRIPTION 1-9 10-24 25+ 



nW Laser Diode Module 

1 mW Laser Diode Module 

2 mW Lasei Diode Module 

3 mW Laser Diode Module 


179 99 170 99 153.89 

189.99 180.49 162.44 

199.99 189.99 170.99 

20999 199 49 179 54 



He-Ne TUBES 


Dual Mode Laser Pointer 


3.99 1 89 99 170.99 



Collimating Lens Assembly 


24 99 23.74 21.37 


ROBOTIC ARM KIT 


POWER SUPPLY 



• Input' 1 1 5/230V 

•Output +5v @ 3.75A 
+12v@ 1.5A 
-12v@ 4A 

• Size: 7" L x 5V Wx2 ' H 

STOCK# 

PS1003 


PRICE 

SI 9.99 


Robots were once confined to science j 
fiction movies. Today, whether they're LT1001 
performing dangerous tasks or putting 
together complex products, robotics 
are finding their way into more and 
more industries. The Robotic Arm Kit 
is an educational kit that teaches 
basic robotic arm fundamentals as well 
as testing your own motor skills. 
Command it to perform simple tasks. 


New tested 632nm He-Ne laser 
tubes ranging from ,5mW to 3mW 
(our choice) Perfect for hobbyists 
for home projects Because of the 
variety we purchase, we cannot 
guarantee specific outputs will be 
available at time of order. All units 
are new, tested, and guaranteed 
to function at manufacturers 
specifications. 


STOCK# DESCRIPTION 1*9 10-24 25+ 


He-He Laser Tube 


69.99 6649 59.84 


AVOIDER ROBOT KIT 


STOCK # 

YOI 


PRICE 

$43.99 




An intelligent robot that knows how 
to avoid hitting walls. This robot 
emits an infra-red beam which 
detects an obstacle in front and then 
automatically turns left and con- 
tinues on 


STOCK # 

MV912 


PRICE 

$43.99 


M ORDER LINE — (800) 824-3432 • INTERNATIONAL ORDERS — (818) 341-8833 
■ FAX ORDERS — (818) 998-7975 • TECHNICAL SUPPORT — (818) 341-8833 — 

15 00 MINIMUM ORDER • UPS BLUE, RED & FEDERAL EXPRESS SHIPPING AVAILABLE • OPEN MON-FRI 9:00 AM - 6:00 PM, SAT 10:00 AM - 3:00 PM PDT 
• CA RESIDENTS ADD 8'/«% SALES TAX • CALL FOR QUANTITY DISCOUNTS • CALL FOR FREE CATALOG (FOR 1ST CLASS DELIVERY OR 
CATALOGS DELIVERED OUTSIDE THE U.S. — SEND $2.00) • WE CARRY A COMPLETE LINE OF ELECTRONIC COMPONENTS 
*NO SHIPPING CHARGES ON PRE PAID ORDERS DELIVERED IN THE CONTINENTAL U.S. 
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What’s New! 


Shortest-Route Trip Plotting 


Sky Shepard Software has 
four new programs of interest 
for small businesses and in- 
dividuals. TRIP and PRO- 
TRIP function as map/dis- 
patching programs for travel- 
ers and businesses that want 
to route and track mileage. 
Users simply designate a start- 
ing and ending point, and 
TRIP plots the shortest route 
via interstates and major US 
highways. TRIP'S database 
contains 2,500 locations. PRO- 
TRIP features an expanded 


database with 7,000 locations. 
$60 for TRIP ; $250 for PRO- 
TRIP. 

Mailsaver is a sophisticated 
duplicate-elimination pro- 
gram for mailing lists. It finds 
phonetic as well as exact 
matches, common nickname 
matches, transposition er- 
rors, same-household/same- 
address records and same in- 
dividual with multiple ad- 
dresses. $395. 

General Manager is a new 
sports card inventory program 


CIRCLE NO. 8 ON FREE CARD 

Console/Computer Switch 


Windows/Macintosh 
File Transfer 

The Windows version of Paci- 
fic Micro’s Mac-In- DOS allows 
for transfer of Macintosh files 
to and from an IBM/compati- 
ble computer via the IBM flop- 
py disk drive ( 1 .44M only) . The 
main screen of Mac-In-DOS 



shows Mac files on one side and 
PC files on the other. Files are 
copied from one side to the 
other, with conversions taking 
place automatically. Function 
keys perform the main DOS 
file handling functions like 
changing of directories, delet- 
ing files and copying files. $99. 
Pacific Micro, 201 San Anton- 
io Circle, Mountain View, CA 
94040; tel: 415-948-6200; fax, 
415-948-6296. 
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The SC-6X3- 1 5V6M from Net- 
work Technologies is a six-con- 
sole (keyboard and monitor)- 
by-three-computer matrix 
switch that permits up to six 
consoles to be connected to up 
to three computers. It supports 
VGA monitors and keyboards 
with six-pin mini-DIN connec- 
tors and operates remotely 
when the RMT-3C control unit 
is used with a console. The re- 


mote-control unit has a seven- 
segment display for showing 
what keyboard is connected to 
each computer. Only one key- 
board can be attached to each 
computer at a time, but all six 
monitors can be connected to 
a single computer. 

The SC-6X3-15 V6M console 
switch is housed in a plastic 
case that measures 5.5" x 
11.5" x 19" and requires 1 17 


designed for serious collectors. 
The program generates 10 re- 
ports designed to help collec- 
tors quickly discover the value 
of their collections, total 
amount invested and percen- 
tage of increase or decrease in 
value. The program also incor- 
porates scanning capability, 
making it possible for collec- 
tors to see a specific card on- 
screen. $50. Sky Shepard Soft- 
ware, P.O. Box 49, St. Marys, 
I A 50240; tel: 515-255-9300/ 
800-397-0924. 



or 220 volts ac. $2,700, switch; 
$105, remote. Network Tech- 
nologies Inc., 7322 Pettibone 
Road, Chagrin Falls, OH 44022; 
tel. : 216-543-1646; fax: 

216-543-5423. 
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SOUND MASTER® II 

THE MOST COMPATIBLE PC-AUDIO CARD IN THE WORLD 



• 100% AdLib™ compatible. 11 Voice 
FM Music Synthesizer. 

• Exclusive SMULATOR™ sound file 
conversion software. Operates "Sound 
Blaster" compatible titles - WITH 
IMPROVED SOUND QUALITY! 

• VOICE COMMAND SOFTWARE. 

• Covox Voice Master , Speech Thing®, 
MIDI Maestro™ compatible. 

• 8 bit DMA sound digitizer. Sample 
rates to 25Kbytes/sec with "direct to 
disk" recording and playback option. 

• MIDI interface with simultaneous input 
and output. Includes PC-LYRA™ music 
composition software 

• 4 -watt (peak) audio amplifier with 
adjustable volume control. 

Your Best Choice fc 


• Internal PC speaker supported. 
Improves sound from any software 
using the PC’s internal speaker. 

• Audiophile sound quality. Low noise, 
precision engineered electronics. 

• Extensive software tools and support, 
including digital audio compression 
and editing utilities 

• Supported by the largest library of 
software titles in entertainment 
business, music, and education 

• Dual 3-inch speakers, 6 foot MIDI 
cable, and internal speaker bypass 
connector included. 

• Made in USA by Covox - THE 
microcomputer audio specialist since 
1975. 


Multi-Media Sound 


ONLY $229.95 (plus $5 shipping & handling) 


ORDER HOTLINE: (503) 342-1271 M-F 8 AM TO 5 PM PST. VISA, MC, 
AMEX phone or FAX orders accepted. NO CODs. 30 day money back 
guarantee if not satisfied. One year warranty on hardware. 


TRADE -UP OFFER: Your current PC sound card brand is worth $$$ 
toward the purchase of a Sound Master II. Contact Covox for details. 


CALL OR WRITE FOR FREE PRODUCT CATALOG 

covox irvc. 675 Conger Street • Eugene, OR 97402 
^ Phone (503) 342-1271 • FAX 503-342-1283 ^— 
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Fix Dead PC’s with 


QUICKPOST PC PLUS™ 

v / ’ 



♦ Eliminates down time 

♦ Quick and easy installation 

♦ Uses the latest in decoding technology 


QuickPost-PC Plus is a full-featured, plug-in hardware 
diagnostic card that allows you to monitor the POST (Power 
On Self Test) sequence generated by the system BIOS during 
pre-boot. With its proprietary memory address selection 
capability, QuickPost-PC Plus can test virtually any system 
whose BIOS outputs POST codes. This Card will work on all 
PC/AT/286/386/486, compatibles and even EISA system boards. 

Call: 800-722-3789 408-988-4721 CA. 

Ultra-X, Inc. 

Diagnostics for the Professional 
P.O. Box 730010, San Jose, CA 95173-0010 
VISA/Mastercard accepted Federal Express available 





Learn to troubleshoot and 
service today's computer 
systems as you build a 
powerful 386sx/20 MHz 
computer! 


Train the NRI way— and learn to 
service all computers as you build 
your own powerful West Coast 
386sx/20 MHz computer, now 
with 1 meg RAM, 40 meg IDE 
hard drive, and exciting 
new diagnostic hardware 
and software! 

Jobs for computer service technicians 
will almost double in the next 10 years according to Department 
of Labor statistics, making computer service one of the top growth 
fields in the nation. 

Now you can cash in on this exciting opportunity — either 
as a full-time industry technician or in a computer service business 
of your own— once you've mastered electronics and computers the 
NRI way. 


Only NRI gives you 
such confidence-building, real- 
world experience. Only NRI gives you 
both the knowledge and the professional tools to succeed as 
today's in-demand computer service technician. 

No experience needed... NRI builds it in 


Get real-world skills as you train with and 
keep a powerful 386sx-based computer 
system plus Microsoft® Works software 

Only NRI gives you hands-on training with the finest example of 
state-of-the-art technology: the powerful new West Coast 386sx/ 
20 MHz computer. As you assemble this fully IBM PC/AT- 
compatible machine, you actually see for yourself how each 
section of your computer works. 

You assemble and test your computer's "intelligent" 
keyboard, install the power supply and 514” high-density floppy 
disk drive, then interface the high-resolution monitor. 

Your hands-on training continues as you install a powerful 
40 meg IDE hard drive— today's most-wanted computer periph- 
eral— now included in your course to dramatically increase your 
computer's data storage capacity while giving you lightning-quick 
data access. 

Plus you now work with today's most popular integrated 
software package, Microsoft Works, learning to use its word proces- 
sing, spreadsheet, database, and communications utilities for your 
own personal and professional applications. 

But that's not all! 

NEW! Ultra X diagnostic 
hardware and software for 
fast, accurate troubleshooting 

Now you train with and keep the 
latest in diagnostic hardware and 
software: the extraordinary 
R.A.C.E.R. plug-in diagnostic card 
and QuickTech menu-driven 
software, both from Ultra-X. Using 
these state-of-the-art tools, you 
learn to quickly identify and 
service virtually any computer 
problem on XT, AT 80286/80386, 
and compatible machines. 


With NRI training, you learn at your own convenience in your 
own home. No classroom pressures, no night school, no need to 
quit your present job until you're ready to make your move. 

NRI starts you with the basics of electronics and computers, 
building on that foundation step by step until you have the 
knowledge and skills you need for success. 

And all throughout your training you've got the full 
support of your personal NRI instructor and the entire NRI 
technical staff, always ready to answer your questions and help 
you achieve your training goals. 

Send for your FREE catalog today! 


Send today for NRI's big, free catalog that describes every aspect of 
NRI's innovative computer training, as well as hands-on training 
in other growing high-tech career fields. 

If the coupon is missing, write to: NRI Schools, McGraw- 
Hill Continuing Education Center, 4401 Connecticut Avenue, 

NW, Washington, DC 20008. 


IBM and AT are registered trademarks of the IBM Corporation. R.A.C.E.R. and QuickTech are 
registered trademarks of Ultra-x, Inc. West Coast is a member of the Syntax Group. 


SEND CARD TODAY FOR FREE NRI CATALOG 



r McGraw-Hill Continuing Education Center 

Schools 4401 Connecticut Avenue, NW, Washington, DC 20008 


m 


J Check one FREE catalog only 

□ MICROCOMPUTER SERVICING 

□ TV/Video/Audio Servicing 

□ Telecommunications 

□ Industrial Electronics & Robotics 

□ Security Electronics 

□ Electronic Music Technology 

□ Basic Electronics 


□ Computer Programming 

□ PC Software Engineering Using C 

□ Desktop Publishing & Design 

□ Word Processing Home Business 

□ Bookkeeping & Accounting 

□ Air Conditioning, Heating, & Refrigeration 

□ Building Construction 

□ Small Engine Repair 

□ Automotive Servicing 


Li For career courses 
approved under Ol Bill, 
check for details. 


(please print) 


Age 


Address 


City/State/Zip 


Accredited Member, National Home Study Council 


4-052 


What’s New! 


Single-Board EISA 
486 CPU Card 

Diversified Technology’s ESP- 
2000 i486-based EISA CPU 
card is designed for passive 
backplane architecture. Oper- 
ating at 33 MHz, it incorpo- 
rates Intel’s 82350DT chip set 
and uses a CPU-to-memory 
protocol that allows the mem- 
ory subsection to operate inde- 
pendently of the CPU clock for 
a smooth transition to 50-MHz 
operation. Up to 64M of sys- 
tem memory is supported via 
SIMMs. The card supports an 



optional Intel Turbo cache 
module (both 64K and 128K). 
The EISA-bus DMA channels 
can operate in both 8- and 16- 
bit modes with EISA/ISA bus 
slaves and masters and 32-bit 
mode with EISA slaves and 
masters. $2,595 (OK memory). 
Diversified Technology , PO 
Box 748, Ridgeland, MS 
39158-0748; tel: 601-856-4121. 
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PLCC Extraction Tool 

OK Industries has a new 
PLCC extraction tool for the 
SMT assembly and rework 
market. The EX-5 is designed 
for single-handed extraction 
of 20- to 84-pin PLCCs from 
any socket. The tool’s spring- 



loaded one-hand design re- 
quires no pulling. By simply 
squeezing the handle, the 
EX-5 lifts the chip from the 
socket. It features ESD-safe 
plastic and metal construction 
for safety and durability. $20. 
OK Industries , 4 Executive 
Plaza, Yonkersy NY 10701; 
tel: 914-969-6800. 
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Quick-Connect Barcode Reader 


The newest model PERCON 
Series 20 Universal barcode 
and magnetic-stripe decoder 
uses quick-release front-panel 
jacks to connect any two bar- 
code input devices at once. Bar- 
code input devices offered by 
PERCON include a selection 
of wands, CCDs and laser 
scanners, plus ID-badge scan- 
ning heads. The sophisticated 
decoder automatically differ- 
entiates between input from 
two barcode devices and multi- 
ple magnetic-stripe readers, all 
of which can be connected at 
the same time. 

Universal decoders permit 
programming parameters to be 
entered in any of four ways: 
downloading programming 
files in a batch mode, scan in 
from PERCON-supplied bar- 
codes; scan in from user-print- 
ed Code 39 labels or set through 
an interactive on-screen menu. 
Percon Series 20 decoders pro- 


vide for data input editing, 
auto-host recognition, full key- 
board support and automatic 
detection among 13 different 
bar code symbologies. $735. 

The PocketReader, also 
from PERCON, is a 12-ounce 
shirt-pocket-size portable bar- 
code reader that includes up to 
1M of memory, a Windows 
programming environment 
and the strength to withstand 
5-foot drops onto concrete. 
PocketReader is easily pro- 
grammed with PERCON Pro- 
gram Generator software. The 
standard wand tip is suitable 
for even marginal bar code lab- 
els and for narrow bar widths 
down to 0.007" (7 mils). A 
4-line X 16-character LCD dis- 
play provides operator prompts 
and messages, and users can 
scroll through and review up to 
24 lines of data held in an inter- 
nal display buffer. 

Nineteen splash-resistant 


Low-End DMMs 

Beckman’s new DM5XL joins 
the DM15XL and DM10XL in 
the company’s line of low-end 
DMMs. The line features 0.7" 
LCD numerals, 10-ampere 
current fusing, warning beeper 
when test leads are placed in 
the wrong input jacks, safety 
test leads with shrouded input 
plugs and test points and in- 
creased battery life. 

Model DM10XL (replaces 
DM10) includes a continuity 
beeper and a “Safety Tester” 
feature. It detects and displays 
commonly encountered ac and 



dc potentials from 6 to 220 
volts. This special safety fea- 
ture works even when the 
DMM’s battery is dead, ensur- 
ing that the user can always 
safely detect the presence of 
live voltage levels. 

Model DM15XL (replaces 


High-Speed Serial Card 


The FORVAL Turbo Inter- 
face is a multi-purpose serial 
adapter card for PC commu- 
nications. It is a proprietary 
high-speed, two-port, serial 
communication board in a 
half-card format. It can en- 
sure data integrity at speeds 
up to and exceeding 1 14 Kbps. 
The Turbo Interface works 
with all vendors’ high-speed 
serial peripherals to protect 
PCs against dropped data. 


The PC’s ability to accept 
data from the serial port is the 
limiting factor in high-speed 
serial communications with 
limits of around 19 Kbps, 
while high-speed modems can 
operate in excess of 56K bps. 
Error-correcting transmission 
modems are not capable of 
detecting and correcting data 
corrupted by the CPU-to-seri- 
al-port link. The Turbo Inter- 
face solves this problem. $275. 



keys enter both numeric and 
alpha data, and four user-pro- 
grammable function keys are 
included. Audible feedback is 
provided through an adjust- 
able-volume speaker. The de- 
coder is compatible with a va- 
riety of data-collection net- 
works and uses an RS-232C in- 
terface and flexible menu-driv- 
en communications protocols. 
$735, Series 20; $490, Pocket- 
Reader. PERCONy Inc.y 1710 
Willow Creek Circle, Ste. 37, 
Eugene, OR 97402-9153; tel: 
800-873-7266; fax: 503-344- 
1399. 

CIRCLE NO. 12 ON FREE CARD 


DM15) has all features of the 
DM10XL and adds a logic 
measurement function that in- 
dicates the presence and polar- 
ity of TTL pulses up to 10 
MHz in frequency. All three 
meters measure dc to 1,000 
volts, ac to 750 volts and resis- 
tance, and all feature a diode- 
test continuity beeper. $35, 
DM5XL; $45, DM10XL; $60, 
DM15XL. Beckman In- 
dustrial Corp.y 3883 Ruffin 
Rd., San Diego, CA 92123- 
1898; tel: 619-495-3200. 
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Forval A merica, Inc. , Modem 
Div.y 28241 Crown Valley 
Pkwy.y Suite F-440, Laguna 
Niguel, CA 92677; tel: 714- 
347-0100; Fax: 714-347-0200. 
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Say You Saw It In ComputerCraft 






What’s New! 


Hand-Scanner Image Stitcher 


The CA T Image Enhancer 256 
software package gives you the 
ability to seamlessly combine 
two halves of one image to pro- 
duce professional gray-scale- 
quality digital images. Addi- 
tionally, it converts dithered 
hand scanners into true 256- 
gray-scale scanners. It also of- 
fers sophisticated control over 
contrast, brightness, aspect ra 
tio, cropping and more and au- 
tomatically corrects images 
that are skewed, compressed or 
uneven in brightness. 

The package includes pro- 
cedures for customizing T- 
shirts and creating poster-size 
images. Automatic Contrast 
Control Enhancement (ACCE) 
automatically sets the upper 
and lower contrast limits for 
output. Format conversions 

CIRCLE NO. 


forTIF,TIF 16 Gray, TIF 256 
Gray, PalIet.TIF, PCX, CUT/ 
PIC, GIF and BMP are includ- 
ed. The program supports Ep- 
son/IBM graphics, HP Inkjet 
and HP LaserJet printers. 
Scanners supported include 
GeniScan GS-2000 Plus/4000/ 
4500/B105G, Logitech Scan- 
Man/ScanMan Plus/Scan- 
Man 32/ScanMan 256, Mars- 
tek Mars 105/105 Plus/800 
Hand Scanner, Mouse Systems 
PageBrush/32 and numerous 
others. Minimum require- 
ments are: VGA or SVGA, 
DOS 3.1 or later, 640K RAM 
and hard disk with at least 3M 
free (recommended). $129. 
Computer A ided Technology , 
Inc., 10132 Monroe Dr., Dal- 
las, TX 75229 ; tel.: 214-350- 
0888; fax: 214-904-0888. 
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SBus Interface Chip 

Accurite Technologies has a 
new SBus interface IC and a 
corresponding eight-bit SBus 
developer’s kit. Using the IC 
and kit, developers can save 
time and cost while maximizing 
efficient usage of printed-cir- 
cuit board “real estate.” It fea- 
tures a 32-bit SBus data path, 
eight-bit peripheral data path, 
up to 15M byte-per-second 
throughput, burst-mode data 
transfers and 13-bit buffered 


Notebook 

Computers 

Dauphin Technology is cover- 
ing both ends of the notebook 
type-computer spectrum with 
its new 500 series notebook 
computers. The 500-88 is con- 



peripheral address lines that 
can be held or incremented 
with each byte transferred. 

This highly integrated 
100-pin PQFP IC package oc- 
cupies 0.7 sq. in. of board area 
for its interface, compared to 
the approximately 29 devices 
needed for a simple PAL im- 
plementation. $695, develop- 
er’s kit; $30, SBus IC. Accurite 
Technologies, Inc., 231 Char- 
cot Ave., San Jose, CA 95131- 
1107; tel.: 408-433-1980; fax: 
408-433-1716. 
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figured with an Intel 8088 
microprocessor, 1M RAM, 
and a 3/4" 1 .4M drive. A 20M 
hard disk is optional. The 
Dauphin 500-SX features a 
20-MHz 386SX, 1.4M floppy, 
2M RAM , and either a 20M or 
60M hard drive. Each unit in- 
cludes a built in KeyMouse 
and weighs in at under seven 
pounds with battery. The case 
measures 11" x 8/4" x 4". 
Dauphin Technology Inc., 
1125 E. St. Charles Rd., Lom- 
bard, IL 60148; tel.: 708-627- 
4004; Fax: 708-627-7618. 
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Shareware From PC-SIG 
DOS Shareware Utilities 


By Ed DiGiovanna 

(Windcrest/ McGraw-Hill. 
Soft cover. 204 pages. 
$29.95.) 

This book and disk package 
presents an easy-to-read, 
easy-to-understand descrip- 
tion of 1 8 of the more popular 
DOS utilities offered as 
shareware by PC-SIG. A 
handful of the utilities cov- 
ered are included as evalua- 
tion copies on a 360K disk in- 
cluded with the package. 

The utilities are divided in- 
to seven chapters, covering 
memory management, disk 
utilities, graphics, user inter- 
face, catastrophe insurance 
and printer utilities. Each 
covers several utilities falling 
into the category. Enough in- 
formation is included to al- 
low the reader to “get a feel” 
for how the program works. 

The author also includes 
registration information 
for each program. Among 


the programs detailed, Re- 
config permits storing several 
different configurations of 
your AUTOEXEC.BAT and 
CONFIG.SYS files for selec- 
tion during boot-up; OnSide 
is a “sideways” printing utili- 
ty for spreadsheets and simi- 
lar programs; VMS40 is a 
utility that uses disk space to 
emulate EMS; CMOS-RAM 
is a utility that reads and 
stores setup data from an AT- 
class computer for simplified 
reconfiguration when the 
backup battery fails; Zip is a 
compression utility; and Vir- 
uscan covers virus detection 
and removal. But with details 
on how to use programs that 
you don’t have, the book is in 
part self-promotional, with 
software order forms includ- 
ed. As such, its value would 
be limited to novices who 
want to get insight into a vari- 
ety of program types avail- 
able as shareware (and regu- 
lar commercial equivalents). 


Electronics Enclosure 

Extrusion Technology has a 
new line of extruded aluminum 
enclosures that are suitable for 
prototyping, beta testing, and 
full production. Tech-Box is 
available in four sizes ranging 
from 3" x 1" to 6" x 2/ 2 ". 
Boxes are available with circuit 
card slots for card widths of 
3.00" to 6/4". Numerous off- 
the-shelf lengths are available 



as are custom lengths from l / 2 " 
to 1 2 ' . The boxes are supplied 
with matching panels contain- 
ing custom hole patterns and a 
choice of finishes. $5.15 and 
up. Extrusion Technology, 80 
Trim Way, Randolph, MA 
02368; tel. : 61 7-963- 7200; fax: 
617-963-7203. 

CIRCLE NO. 18 ON FREE CARD 


Cross Assemblers 

Logisoft has a new line of 
DOS-compatible Professional 
Optimized Cross-Assemblers 
written in assembly language, 
resulting in fast assembly. 
Powerful two-pass relocatable 
macro assemblers and absolute 
version are available. Relocat- 
able assembler packages fea- 
ture a two-pass Linker to re- 
solve forward references be- 
tween modules. The linker can 
handle an unlimited number of 
modules. An independent 
‘ ‘ Locate” utility allows you to 
relocate without relinking. All 
packages include an object 
code format conversion utility, 
to provide system compatibility. 

Cross-assemblers are avail- 
able for 8051, 8048, 8080/85, 
68000, 6800, 6805, 6809, 
68HC11, 6301/03, 6502/65C02, 
Z80/ 1 80, 9900 and other com- 
patible manufacturers’ fami- 
lies of microprocsessors and 
microcontrollers. $99 and up. 
Logisoft, PO Box 61929, Sun- 
nyvale, CA 94086; tel.: 408- 
773-8465; fax: 408-773-8466. 

CIRCLE NO. 19 ON FREE CARD 

(continued on page 83) 
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Upgrading ByTomCarlton 


Removable Mass-Storage 
SCSI Cartridge Drives 

Relieves the perennial problem of running out 
of hard-disk space 



E ven after purchasing that 200M 
hard drive you’ve been wanting 
for a long time, why is it that the total 
amount of your file space always ex- 
ceeds the capacity of your hard drive? 
If you find yourself in this dilemma 
often and have given up on compres- 
sion software and floppy disks, look 
into virtual mass storage. Combining 
an efficient SCSI (Small Computer 
Systems Interface) host adapter, pro- 
nounced ‘ ‘scuzzy, ’ ’ with a removable 
disk cartridge drive may change your 
view of personal computing. 

With virtual mass storage you’ll no 
longer fret and fuss, spending long 
hours backing up files on floppy disks. 
Nor will you constantly sort through 
and decompress files on floppies or 
hard drives. Adopting removable 
mass storage can lower your level of 
frustration and increase your efficien- 
cy and organization, and an added 
benefit is that you’ll establish sound 
data security. 

Installing a SyDOS Removable 
Cartridge Drive kit may be your easi- 
est option in this area, though it isn’t 
likely to be the least-expensive way to 
go. SyQuest drives — the basic car- 
tridge drive units — are readily avail- 
able from distributors and retailers, as 
are SCSI host bus adapters (HBAs). 
SyDOS and several other vendors of- 
fer this basic drive unit bundled with 
an SCSI host adapter, cables, software 
and documentation. 

SCSI Defined 

Before we get into the mechanics of in- 
stalling a removable cartridge drive kit 
in your computer, it’s a good idea for 
you to become acquainted with the 
world of SCSI. Basically, SCSI is a 


standard bus for connecting intelligent 
peripheral devices to small computers. 
It isn’t the same as the internal AT bus 
over which the CPU communicates 
with memory. 

Shown in Fig. 1 is a comparison of 
systems that use an SCSI system-level 
interface and ST506 device-level inter- 
face. Notice that ST506 functions 
found on the controller are located on 
the intelligent SCSI device. An SCSI 
adapter with its own BIOS provides 
the interface with the CPU and RAM. 
Thus, the intelligence of peripheral 
operations is moved from the CPU to 
the peripherals. 

Of the two electrical (pin-assign- 
ment) options available, the single- 
ended driver/receiver option depicted 
in Fig. 2 is the more common. The dif- 
ferential driver/receiver is the other 
option. The asynchronous protocol, 


similar to the IEEE-488 bus used by 
Hewlett-Packard, has a nine-bit par- 
allel bus, handshake protocol using 
the I/O signal line (direction signal), 
request (req) and acknowledge 
(ack). Each command or data byte 
transferred uses these signals. Detailed 
information on this standard is con- 
tained in the “Small Computer Sys- 
tem Interface’ ’ published by and avail- 
able from the American National 
Standards Institute. 

Several Drive Options 

SyQuest drives come in 44M and 88M 
versions. SyDOS, a division of Sy- 
Quest, offers drives of both capacities 
as internal and external upgrade kits. 
It also offers a dual-drive external unit 
for these two storage capacities. Sev- 
eral other third-party vendors offer 
similar configurations. 
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Fig- 1 . AnSCSI busmovestheintelligencefrom CPUtoSCSI device. This device* independence offers flexibility by not 
requiring additional controllers when adding new devices. 


Giving up some of this pre-pack- 
aged convenience to save a few hun- 
dred dollars, you’ll find several alter- 
native solutions. However, none is as 
convenient, flexible and affordable as 
the combination of a 16-bit Always 
Technology IN2000 SCSI host adapt- 
er with a SyQuest Removable Car- 
tridge Disk Drive. 

Street prices vary, but you can set 
up a 44M drive for well under $600 or 
an 88M unit for less than $800. Car- 
tridges sell for as little as $69 for 44M 
(SQ400) and $119 for 88M (SQ800) 
units. If you decide on a single 44M 
drive, an eight-bit adapter can save 
you another $100. Thus , you have two 
basic installation options — third- 
party kits and purchasing a drive and 
adapter separately. 

I installed a SyDOS 88e (the drive 
kit numbers have an “e” suffix for ex- 
ternal and an “i” suffix for internal 
units) and a SyQuest SQ555 (44M in- 
ternal) in two ’386 computers. One 
computer is a run-of-the-mill clone 
housed in a standard AT case; the 
other is a Northgate Slimline com- 
puter. The former had a 200M SCSI 
hard drive, the latter a 120M IDE 
drive. Both installation options took 
less than an hour to complete, in- 
cluding reading directions. 


SyDOS Installation 

The SyDOS 88e kit comes complete 
with everything needed for successful 
installation. In addition to the SCSI 
host adapter card, cartridge drive, one 
cartridge and 50-pin Centronics cable, 
SyDOS provides utility software for 
diagnosis, cartridge formatting and 
Super PC-Kwik disk caching. 

Installation consists of just four 
almost-foolproof steps, as follows: 

(1) Using the SYPREP utility, you 
obtain a drive table that provides a 
ROM map of addresses for existing 
devices. Most address conflicts can be 
determined using this utility, allowing 
you to set jumpers on the host adapter 
to resolve any conflicts. 

The host adapter is compatible with 
most standard hard-disk controllers, 
including ST506/412, IDE, ESDI 
and, of course, SCSI. I had a problem 
with a DTC RLL controller card in a 
286 and was unable to rectify the con- 
flict. If you run into a problem with 
any of the few 16-bit VGA cards that 
do cause conflicts, you can give 
SyDOS technical support a call at 
800-43SYDOS to obtain a list of 
recommended cards. 

When running SYPREP, you have 
the option of installing the SYDRI V- 


ER.SYS device driver and updating 
you CONFIG.SYS file. If you prefer 
to do this yourself, copy the driver to 
an appropriate directory and add “de- 
vice = x: \ x \ SYDRI VER. SYS” to 
your CONFIG.SYS file. 

(2) Next, power down your system 
and disconnect all power sources. 
Then remove the cover from the sys- 
tem unit and locate an available 16-bit 
expansion slot. Remove the cover 
plate from the rear access panel for 
this slot, and plug the Adaptec 1540 
SCSI host adapter into the slot. This 
done, secure the adapter with the 
bracket-retainer screw and replace the 
cover on the system unit. 

(3) Connect the external drive to the 
adapter via the Centronics cable. If 
you’re installing a single drive (only 
one SCSI device), set the SCSI ID 
number to 0 (read the “recession op- 
tion’’ for more details on SCSI ID). 
Power up your system and cartridge 
drive, reboot, and you’re in business. 

(4) You’ll need to format a cartridge 
using SYPREP or DOS FORMAT, 
the difference being that SYPREP 
copies the device driver to the cartridge 
if you decide to format it as a bootable 
disk. You can make this your boot 
drive, which is very convenient if you 
run under multiple environments, 
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such as DOS, OS/2, Windows , UNIX 
or any unique configurations of any 
one of these. 

Installing an internal unit is exactly 
the same, with the exception that you 
need a 5 % " half-height bay in which to 
physically mount the drive, a 5-volt 
connection and an internal SCSI ca- 
ble. Install internal units just as you 
would a floppy-disk drive. Make sure 
you get a 50-pin SCSI cable when you 
purchase the drive or adapter, since 
such cables can be hard to find. 

If you install two or more drives in- 
ternally or externally, you must “dai- 
sy-chain” them. This requires a cable 
with a 50-pin connector for each ad- 
ditional drive. 

Recession Option 

If you have more time than money, in- 
stalling individual components offers 
real savings. You can save $200 or 
more by going this route. 

The IN2000 SCSI adapter provides 


excellent performance. Like the 
Adaptec 1540, it’ll handle up to seven 
SCSI peripherals, including tape 
drives, CD-ROMs and scanners in a 
daisy-chain scheme. Additionally, this 
device supports two floppy drives, as 
does the Adaptec 1542B adapter. 

When you daisy-chain several de- 
vices, you must assign logical device 
numbers from 0 to 7. These ID num- 
bers have no effect on non-SCSI de- 
vice numbers used by your computer 
(the ones established in your CMOS 
Setup procedure). External units pro- 
vide a convenient pushbutton switch 
on the back of their cases for selecting 
ID numbers. Internal drives require 
you to place a jumper plug over the 
proper pins at the rear of the drive. 
SyDOS and SyQuest documentation 
provides clear illustrations for this 
procedure. 

You must also install terminator re- 
sistors in the last logical drive and on 
the adapter. These resistors are sup- 
plied with these devices. If you install 


more than one device, remove the re- 
sistor packs from all logical drives, ex- 
cept the last one. 

Installation of a SyQuest drive and 
IN2000 adapter is identical to that for 
the SyDOS kits. Just make sure you 
have all components: SyQuest drive 
unit (44M SQ555 or 88M SQ5110) 
with rail kit or external power supply 
with case, adapter card and internal or 
external cables. Don’t forget the car- 
tridge, SYPREP software and device 
driver. If you connect an external 
drive to the IN2000 adapter, the cable 
must have 25-pin (DB-25) and 50-pin 
Centronics interface connectors. 

Performance 

Moving data at 5M/s, these SCSI 
cards kick sand in the face of standard 
hard-drive interfaces. Of course, the 
AT bus can’t move this fast, and few 
ESDI or SCSI hard drives reach half 
this speed; most transfer at around 
lM/s. Depending on block size, the 
cartridge drives will perform at only 
about 600K to 800K/s, and transfer 
speed can be as low as 300K/s for 
small block sizes. 

These cartridge drives maintain 
respectable average seek times of 20 
ms, which compare favorably to many 
hard drives. Effective seek times are 
even better. Overall, the performance 
of these drives seems like lightning 
compared to floppy drives, but it’s 
somewhat sluggish when compared to 
ESDI and SCSI hard drives. 

Reliability, Security & Mobility 

The 44M and 88M drives have an 
MTBF (mean time before failure) of 
30,000 and 60,000 power-on hours, re- 
spectively. My two years of experience 
with the cartridges have been without 
a single problem (the drives carry a 
five-year warranty). 

Since the cartridges aren’t hermeti- 
cally sealed, they can be subject to dust 
contamination. Taking a brave step a 
year ago, I tossed a cartridge through 
the air — data and all — across a 12-foot 
room to have it land on a carpeted 
floor. I certainly don’t recommend 
that you attempt this. I was just try- 
ing to ascertain if the cartridge could 
survive such rough handling. It did. 

Another point to consider is com- 
patibility between the two formats, as 
well as with the Apple Macintosh . The 
SQ5110 (88e/i) reads only 44M car- 


SCSI 50-Way Bus Single-Ended Pin Assignments 


SIGNAL LINE 

PIN 

GROUND 
RETURN PIN 

SIGNAL NAME 

-DB(0) 

2 

1 

DATA BUS 

-DB(1) 

4 

3 

-DB(2) 

6 

5 

-DBQ) 

8 

7 

-DB(4) 

10 

9 

-DB(5) 

12 

11 

-DB(6) 

14 

13 

-DB(7) 

16 

15 

-DB(P) 

18 

17 

DATA BUS PARITY 

GROUND 

20 

19 


GROUND 

22 

21 


GROUND 

24 

23 


TERMPWR 

26 

25 

TERMINATOR POWER 

GROUND 

28 

27 


GROUND 

30 

29 


-ATN 

32 

31 

ATTENTION 

SPARE (GROUND) 

34 

33 


-BSY 

36 

35 

BUSY 

-ACK 

38 

37 

ACKNOWLEDGE 

-RST 

40 

39 

RESET 

-MSG 

42 

41 

MESSAGE 

-SEL 

44 

43 

SELECT 

-C/D 

46 

45 

CONTROUDATA 

-REQ 

48 

47 

REQUEST 

-1/0 

50 

49 

INPUT/OUTPUT 


Fig. 2. Pin 25 should be left open, while all other odd pins should be connected 
to ground. A minus sign indicates active low. 
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Fig. 3. Installation requiresa16-bitslotfortheSCSIhostadapteranda5Y4"half-height bay foran internal SyQuest drive. 


tridges. The drives used for the PC and 
Mac are identical. In fact, I can plug 
the same drives I installed in my PC 
compatibles into the SCSI port on a 
Mac. Of course, for the Mac to read 
from and write to the cartridges, they 
must be formatted for the Mac envi- 
ronment. Thus, these drives offer a 
great deal of flexibility. 

When you consider the ability to 
easily remove a cartridge that contains 
important data or a backup of your 
hard disk and keep it secure in a vault 
or other safe place, the extra cost com- 
pared to a conventional hard drive is 
easy to rationalize. 

If you can’t be without a laptop 
computer, SyDOS has announced a 
new parallel-to-SCSI adapter to meet 
your needs. 

The ease-of-use, straightforward 
installation and affordable price of a 
SyQuest removable cartridge drive 
makes this an option worth consider- 
ing when you’re faced with not 
enough hard-drive space for all your 


applications and utility software. Be- 
cause the cartridges are removable and 
you can buy extra ones at any time, 
you can easily back up your hard disk 
in a convenient manner. 

Another benefit of using removable 
cartridge drives is the ability they give 
you to organize your work area for 
better efficiency. Using separate car- 
tridges, you can group together related 
applications on separate cartridges so 
that all the applications you need at a 
session can be “on-line” when you 
need them. For example, if you’re in- 
to DTP, you can place on one car- 
tridge desktop-publishing, font-gen- 
erating, clip art-library and word- 
processing packages. On another car- 
tridge, you can have your paint and 
draw programs. On yet another car- 
tridge, you can have all the software 
you need for desktop video, and on 
still another cartridge you can have the 
different types of CAD programs you 
routinely use. Needless to say, the 
possibilities are limitless. 


Names & Addresses 


SyDOS 44i, $799 
SyDOS 44e, $1,039 
SyDOS 88i, $1,439 
SyDOS 88e $1,539 
SyDOS 

6501 Park of Commerce Blvd., S:e. 1 10 
Boca Raton, FL 33487 
Tel.: 800-43SYDOS 

CIRCLE NO. 176 ON FREE INFORMATION CARD 

Sold only sold through distributors; price 
varies 

SyQuest Technology 

47071 Bayside Pkwy. 

Fremont, CA 94538 
Tel.: 510-226-4000 

CIRCLE NO. 175 ON FREE INFORMATION CARD 


IN2000, $249 
Always Technology 
31336 Via Colinas, Ste. 101 
Westlake Village, CA 91362 
Tel.: 818-597-1400 

CIRCLE NO. 174 ON FREE INFORMATION CARD 
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Application By Yacco 


Memory Management 

Part 1 

Techniques that fit large programs into the user 
RAM from O to 640K by moving as many resources 
as possible into high memory beyond 1M 


Y our personal computer is clever 
enough to work all of its tricks in 
only one relatively small corner of its 
brain. In earlier days, there was one 
memory area in which it would put all 
the programs you run (your applica- 
tions), all your pop-up utilities (resi- 
dent programs) and all operating-sys- 
tem extensions (installable device driv- 
ers). A later strategy for increasing the 
computer’s performance is to con- 
serve that speck of memory for run- 
ning only the code that can’t go any- 
where else: your applications. To do 
this, all drivers and resident programs 
must be put into areas where they 
won’t bump into each other, but 
where they’re conveniently accessible 
when needed. 

This takes memory management. If 
you’re planning to buy many new ap- 
plications for your personal com- 
puter, you’ll also need to get a utility 
or operating system that can manage 
every byte, bit and ephemeral wisp of 
memory you’ve got. Otherwise, your 
spiffy new applications may run not 
very well, or not at all. You’ll likely use 
a memory manager because with to- 
day’s powerful programs, you can’t 
just squeeze everything into the 640K 
memory box allotted to you. 

What is memory management? It’s 
the technique whereby vastly over- 
ambitious programs are fit into the 
grossly inadequate random-access 
memory (RAM) resources available 
on commodity personal computers. 
This constant directly results from 
structural constraints imposed by both 
the Intel processor family (the 8086 
and 80X86 chips used in IBM/com- 
patible microcomputers) and the Disk 
Operating System (DOS) that was de- 
signed and built within its confines. 
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Hardware Model 1. 80286 with Chips 
& Technologies ChipSet, Compaq 
TOPS384, Micronics, Trillion, etc. 
This is the first of eight such memory 
models. Find the model that corres- 
ponds to your hard ware configuration. 
Thecorresponding memory maps will 
help you determine how to configure 
the memory in your computer. 


All DOS memory-management 
techniques and products are basically 
kludges that have been developed to 
overcome the limitations inherent in 
personal computers. In short, it’s a 
wonder that the whole thing works at 
all. But it does — sometimes, it does so 
rather well. 

Knowing how memory managers 
work is, fortunately, not a require- 
ment. However, you’ll be better able 
to select from among management 


utilities, and get much more out of 
one, if you’re familiar with their 
abilities. It helps to know about your 
computer, too: its memory and limita- 
tions, the memory services a manager 
can make available with it and which 
programs work with each. 

This month, we focus on the various 
means for efficiently managing mem- 
ory. Next month, we’ll conclude with 
descriptions of Microsoft MS-DOS 
5.0 and Digital Research DR DOS 6.0 
and review a variety of products that 
improve upon the basic resources in- 
cluded in these two operating systems. 

Processors 

While Intel microprocessors are 
ultimately responsible for most of our 
memory-management headaches, 
problems vary with the specific chip 
used in a given computer. Early ones 
defined a troublesome nonlinear ad- 
dress space. Later chips maintained 
the ability to confound and befuddle 
us, mostly to ensure compatibility 
with software designed for earlier 
ones. But later chips also have ad- 
vanced features that new operating 
systems and memory managers can 
use to advantage. 

The 8086 (and 80186, 8088, 80188, 
NEC V20 and V30 variations) is the 
dull sibling to which all the other chips 
in the Intel family must conform, and 
the one by which they’re limited. The 
8086 was the first 1 6-bit chip in the In- 
tel processor line. Its 16-bit register 
size, instruction set’s addressing 
scheme and 20 address lines limit it to 
addressing 1 megabyte (1M) of user 
RAM memory. 

At the time it was designed, no one 
imagined that a personal computer 
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Hardware Model 2. Computers with 
80386 or i486 CPU and RAM installed 
at upper addresses. 


would ever need as much as a million 
bytes for temporary storage of pro- 
grams and data and the operating sys- 
tem. After all, the eight bits in just a 
single byte can store quite a lot of data: 
a fairly large integer (65,536), eight 
switch settings or any one of 256 char- 
acters. Selecting 1M as the extent of 
memory space must have seemed like 
an extravagance. (Note: Extended 
memory isn’t available for 8086 and 
8088 CPU-based systems, not even 
with the help of a memory manager.) 

The 80286 and Beyond 

When the 80286 was created, its de- 
signers included the ability to address 
up to 1 5M of memory beyond the first 
megabyte — an area called “extended 
memory.” Assuming it has been in- 
stalled, the addition of extended 
memory would seem to offer a vast 
total of 16M to any program that 
needs it. Unfortunately, there are a 
couple of catches. The 80286 and later 
processors can address this memory 
only in a special “protected mode.” 
But to run in protected mode, an AT- 
class 286 computer needs software 
written to a new standard that isn’t 
compatible with any of the old soft- 
ware programs for the PC. 

The 80286 operating mode that 


mimics operation of the 8086 is called 
“real” mode. In real mode, software 
requires an installable driver to access 
extended memory. Without the help 
of a driver, ordinary software running 
on 286 and later processors can only 
nibble from the same megabyte as the 
first-generation 8086. 

The 80286 can also address up to 1 
gigabyte (1G) of virtual memory — 
approximately a billion bytes. How- 
ever, virtual memory isn’t memory at 
all. It’s yet another convention that re- 
quires some form of memory manage- 
ment to be implemented. 

The 80386DX (and 80386SX, 
80386ELS, 386SLC, i486DX, i486SX 
and variations) was Intel’s third try. 
Intel corrected some problems the 
80286 had in switching to protected 
mode, added some built-in memory 
management and finally got it right. 
The 80386 and its i486 fraternal twin 
address memory spaces of up to 4G. 
They can also access 64 terabytes 
(64T) — over 64-trillion bytes of virtual 
memory. All memory-management 
features supported for the 386 also 
apply to the 486. 

The only trouble with all of the 
younger children in this family is that 
they maintain compatibility with the 
8086. This is good because it lets the 
same software run on any of these 
chips. But it’s also bad because it 
resulted in very little software being 
written to take full advantage of ad- 
vances in memory addressing. To do 
so would shackle the developer’s soft- 
ware to only the latest chips, and they 
represent the smallest market. 

Memory Types 

The memory available to software 
running on these Intel processors var- 
ies with its location in the memory 
space and how it’s managed and can 
be used. Various types of memory are 
used by operating system drivers, ap- 
plications, terminate-and-stay-resi- 
dent (TSR) pop-ups and memory- 
management software itself. 

Note that there are important dif- 
ferences between memory and a mem- 
ory-address space. Although there are 
many ways to add memory to compu- 
ters, a processor’s memory-address 
space is fixed. The memory spaces 
described below are available on all 
machines with appropriate proces- 
sors. However, a given memory space 


can’t be used unless memory chips are 
physically installed there or are 
mapped there by a memory manager. 

Mapping simply means that a logi- 
cal address (the place where you need 
memory) is applied to some corres- 
ponding piece of physical memory (ac- 
tual integrated circuits), not necessari- 
ly at the same physical address. Map- 
ping is like giving a group of memory 
chips different names at different 
times, depending on the job you want 
them to do. 

Processors without built-in memo- 
ry-management circuitry, like the 8086 
and 80286, are confined to using 
memory at the physical addresses 
where chips are installed. (This han- 
dicap can be overcome by adding cir- 
cuitry with an adapter or, for the 286 
only, by adding external system logic 
chips.) But in most cases, a memory 
address refers only to a space, not to 
a particular chip, one of its cells, nor 
its contents. 

• Real Memory. Other than the 
awkward “first megabyte,” or even 
more ungainly “DOS memory space,” 
there’s no widely-used term for the ag- 
gregate memory area addressable by 
DOS. Here, the term “real” memory 
is used to refer to this area because the 
80286, 80386 and i486 are restricted to 
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Hardware Model 3. Computers with 
8086, 80286, 80386 or i486 CPU with 
EMS 3.2, or EMS 4.0 or EEMS board 
installed. 
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Hardware Model 4. Computers with no 
chipset, no EMS board and no upper 
RAM. 


it only while running in real mode. 
80286 and later processors can also 
add, with some prohibitions, an extra 
“high-memory area” to their DOS- 
addressable domains. 

• Conventional DOS Memory . Intel 
architectures and DOS divide real 
memory into low and high areas. The 
bottom 640K can be called “low” 
memory, but the term has nothing to 
do with its binary soc ial status. It’s just 
the coincidence that memory is num- 
bered from zero, and this most-impor- 
tant memory was mapped first. 

This memory can also be called 
“conventional” or “main” memory 
because it’s the area originally envi- 
sioned as all the memory a microcom- 
puter would ever need for programs 
and data. That view lasted about a 
week, maybe two, but all processors 
since have had to honor the miscon- 
ception for reasons already cited. 

• Upper Memory. Upper memory lies 
in the area of real memory between 
640K and the DOS limit of 1M. This 
area is sometimes referred to as “high 
memory,” and program code running 
here is said to be ‘ ‘loaded high. ’ ’ These 
terms can lead to confusion with the 
“high-memory area” (HMA), which 
begins just beyond the upper-memory 
addresses at hexadecimal 100000.) In 


the Intel design, the upper-memory 
area is addressable by the processor, 
but it’s intended for ROM-memory 
chips that contain parts of the operat- 
ing system and for mapping onto de- 
vice-controller buffers and other mod- 
ifications to, or extensions of, the op- 
erating system. Early machines didn’t 
have physical memory installed at 
these addresses, unless it was a ROM 
(read-only memory) for firmware or 
RAM on an adapter card. 

The most universal use of upper 
memory by an adapter is for video 
buffers. That area begins just after the 
640K low-memory area, at A0000, 
and can extend as far as BFFFF. The 
highest upper memory, F0000 through 
FFFFF, is reserved for addressing the 
computer’s basic input/output system 
(BIOS) that resides in ROM chips. The 
area between these two is reserved for 
more BIOS memory and the input/ 
output requirements of other adapt- 
ers. These I/O buffers are a common 
source of conflicts when they overlap. 

Overlapping typically occurs when 
local-area network (LAN) adapters, 
caching disk controllers and other 
cards are added to an industry-stand- 
ard architecture (ISA) personal com- 
puter. In fact, if too many adapters 
with conflicting memory requirements 
are added to a system, the discord may 
not be resolvable. MicroChannel (MC) 
and extended industry standard archi- 
tecture (EISA) machines can arbitrate 
these addresses automatically. (The 
EISA bus will also accept ISA adapt- 
ers that aren’t subject to arbitration.) 

Wherever an adapter or BIOS isn’t 
installed, this address space remains 
unused. And any such real estate that 
can be directly addressed by proces- 
sors running in real mode is clearly val- 
uable. As a result, several manage- 
ment techniques have been developed 
to make use of it. Most use it to map 
resident software and drivers into 
RAM. It can also be combined with 
conventional memory under the prop- 
er circumstances. 

One use for upper memory began 
when AT-class machines were de- 
signed with RAM installed in the 
upper-memory address space. These 
computers have system-logic chip sets, 
frequently from Chips and Technol- 
ogies, that incorporate a narrow range 
of memory-management abilities. 
Such systems can switch between their 
upper-memory RAM and BIOS ROMs 


with a technique called ‘ ‘shadowing. ’ ’ 
The RAM is, therefore, known as 
shadow RAM. 

To implement shadow RAM, sys- 
tem BIOS contents and/or video-card 
BIOS ROMs are first copied to fast 
RAM residing at the same address as 
the ROMs. The copy is the “shadow,” 
and the system-logic code switches 
memory lines to it from the ROM. 
When subsequent calls are made to the 
firmware, they’re handled by swift 
shadow, rather than by the real firm- 
ware in slow ROM. 

A more prevalent use today is to 
map upper-memory addresses into 
other memory locations at which 
RAM is installed. Memory-manage- 
ment utilities make unused, but ade- 
quately large, upper-memory address 
spaces available to applications. They 
can place 16K frames there for “ex- 
panded memory, ’ ’ or use them for 4K 
segments known as “upper memory 
blocks” (UMBs). 

• Upper Memory Blocks . UMBs are 
those parts of upper memory that 
aren’t allocated to system use, such as 
BIOS ROM and controller buffers. As 
they aren’t used by the system, UMB 
addresses can be allocated to running 
programs that would otherwise re- 
quire conventional memory. RAM 
needn’t be installed at UMB addresses 
for them to be used. 

One technique is to use these ad- 
dresses to give programs access to 
physical memory at extended-memory 
addresses, but they can sometimes also 
access hardware that supports the ex- 
panded-memory specification (EMS) 
or physical shadow RAM. Whether 
they can be allocated to XMS, EMS or 
shadow memory depends on your 
memory manager. It must be able to 
store programs in RAM to which the 
UMB addresses refer. 

With available memory, UMBs can 
be used to run just about any resident 
software— installable drivers, system 
resources, network re-directors and 
TSR pop-up programs. Drivers and 
buffers are usually loaded high by 
modifying statements in DOS’s CON- 
FIG.SYS file, a text file that tells the 
operating system how to configure 
itself in memory. TSRs are often 
loaded high by similar modifications 
to DOS’s AUTOEXEC.BAT start-up 
batch file. Programs then address the 
UMB or run from it, just like any 
other real memory — without bumping 
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into video, BIOS or adapter memory. 

To create this safe world for ap- 
plications, though, the memory-man- 
agement utility itself must vie for 
upper-memory space, just like an 
adapter or BIOS chip. Conflicts must 
be resolved before the manager can be 
installed. The trend here is for the 
memory manager to accomplish de- 
tection and resolution of these con- 
flicts automatically. 

Not all memory utilities have this 
feature, however, and some conflicts 
are still undetectable, even by those 
managers that do. The conflicts that 
remain are resolved, whenever possi- 
ble, by excluding or including regions 
of memory with special statements. 
Many utilities require you to manual 
ly edit these statements into the CON- 
FIG. SYS file. 

• Extended Memory . As mentioned 
earlier, extended memory lies above 
the 1M address reach of the original 
8086 processor family, and the 80286 
and later processors can address at 
least 1 5M of it by switching to a special 
protected operating mode. However, 
programs must conform to certain cri- 
teria before they can run in this mode. 
Most currently don’t, unless they use 
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a “DOS extender.” Microsoft’s XMS 
convention provides extended memo- 
ry to these applications in the form of 
extended-memory blocks (XMBs). 

DOS extenders are a type of mem- 
ory software that manages access to 
extended memory by switching be- 
tween protected and real modes. They 
access extended memory while in pro- 
tected mode, switch back to real 
mode, and then give the required 
pages to the application. However, 
DOS extenders must be incorporated 
directly into application software. 
They aren’t add-on utilities. If it has 
one built into it, your application uses 
it transparently. If it doesn’t have one, 
you can’t add it. Applications that run 
under an operating environment, like 
Windows or DESQview , can benefit 
from its ability to use built-in DOS- 
extender technology to manage mem- 
ory for its applications. 

Programs can also access extended 
memory while in real mode through 
use of drivers. Drivers are simply ad- 
ditions to the operating system that 
provide a communication protocol be- 
tween an application and some re- 
source like extended memory, a net- 
work or a disk drive. 
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The first extended-memory driver 
was one that IBM included with every 
original AT: VDISK.SYS, a RAM 
disk. Unfortunately, RAM disks aren’t 
directly addressable by applications as 
is EMS or memory accessed by a DOS 
extender. Although, they remain as 
volatile as the RAM on which they’re 
based, RAM disks are accessed using 
file-management conventions. 

Other drivers that access extended 
memory include those used to provide 
XMS and EMS. They’re usually pro- 
vided by operating systems, operating 
environments or memory-manage- 
ment utilities. Only the SMART- 
DRIVE and RAMDRIVE utilities 
(and variants) and DOS-extended pro- 
grams can directly use XMS. Many 
popular DOS programs use EMS. 

• High Memory Area . The HMA is 
the section of extended memory just 
above the first megabyte. DOS usual- 
ly can’t address this memory, even 
when running on an 80386 or later 
processor. However, an XMS driver 
like the HIMEM.SYS bundled with 
MS DOS 5.0 and Windows 3.0, gets 
to this “high memory” area by ex- 
ploiting a feature of 80286 and later 


architectures, address line A20, that 
normally goes unused by DOS’s 16-bit 
architecture. Memory utilities with 
XMS built into them support this 
feature, too. With an XMS driver, 
programs can directly access nearly an 
entire 64K of extra memory. 

Several bindings hobble the HMA. 
For example, only one program, of 
type COM or SYS, can be run in the 
HMA; not those with an EXE file ex- 
tension. The entire file must fit; pro- 
grams larger than 64K can’t be run 
there. Moreover, programs that are 
interrupt driven — initiated by certain 
hardware signals — may not run due to 
the slight delay that occurs in handling 
the A20 line. 

• Virtual Memory. Virtual memory 
was originally developed for main- 
frames, where it extended addressable 
core (main memory) by “paging” its 
contents back and forth to mass stor- 
age (hard disks). This same method is 
used by Windows' swap files. 

In microcomputers, virtual memo- 
ry takes advantage of non-addressable 
extended memory, memory on special 
“expanded-memory” adapters and 
disk drives. It’s still a technique that 


pages data (called a “page”) that can’t 
be directly addressed by a program to 
an area (called a “frame” or “page 
frame”) that can. However, if an 
adapter or extended memory is used 
as the storage area, paging is done by 
logically changing addresses in look- 
up tables, and it’s unnecessary to 
physically move the data. 

• Expanded Memory (EMS or its 
variant EEMS). The expanded-mem- 
ory specification (EMS) is a type of 
virtual memory provided by BIOS 
firmware or utility software. It’s also 
sometimes referred to as the LIM 
standard for Lotus, Intel and Micro- 
soft, three of its developers. Like the 
original virtual memory, EMS pages 
data to addressable memory frames, 
as required by applications, and pages 
data that’s not referenced back to non- 
addressable storage media as they’re 
replaced. Only DOS applications spe- 
cifically written to use EMS conven- 
tions can access this memory. 

EMS pages can reside on a special 
adapter card with its own addressing 
circuitry and memory. The card also 
has a BIOS that contains the expand- 
ed memory manager (EMM) that gives 
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HMA Workings 


If you ignore a couple of mere technical 
details (such as the four-bit offset that 
gives DOS an effective address range of 
20 bits with a 16-bit register, and the 16 
bytes that can’t be addressed as a conse- 
quence), this is how the HMA works. 

Memory in the 8086 family is ad- 
dressed by adding a pair of addresses 
called “base” and “displacement.” By 
combining a maximum base address 
(FFFFO, or nearly 1 M) with a maximum 
displacement (FFFF, or 64K) it’s possi- 
ble to generate an address (10FFEF) 
nearly 64K beyond the 1M pale. How- 
ever, 8086 through 80286 processors have 
only 20 address lines (A0 through A 19). 
So, an address that exceeds 1M (FFFFF) 
is wrapped around back into low mem- 
ory by truncating its high bit. It’s as if the 
byte that followed FFFFF was 0, not byte 
100000 (1 ,048,576 decimal). This kind of 
arithmetic may be okay for clocks, but 
it isn’t so good for computer programs. 

DOS was designed with this hardware 
shortcoming in mind. When the 80386 
and later processors were designed, they 
allowed for additional address lines, but 
DOS still couldn’t use them. XMS drivers 
overcome this deficiency by allowing the 
system to use a 21st address-line, A20. 
With this addition, even the largest ad- 
dress that can be generated in DOS’s 
16-bit registers (10FFEF) retains its high 
bit. An operating system like MS-DOS 
5.0, can use this extra 64K as real mem- 
ory (that is, without paging or running 
in protected mode). By moving some 
of its own code into the high-memory 
area, DOS can free more conventional 
memory for applications. 


applications access to the memory. (A 
similar functionality is also built into 
some laptop computers.) Some cards 
can optionally configure their mem- 
ory as extended. Memory managers 
can often convert this memory to 
XMS memory, if required, and use it 
to create UMBs. 

If EMS is emulated by utility soft- 
ware alone, it must use either extend- 
ed memory or a hard disk to store its 
non-addressable pages. This hard- 
disk memory is truly virtual, not real 
memory at all. A processor can’t ac- 
cess it directly in any mode, and man- 
agement utilities can’t use it for 
loading programs high. 

The three flavors of EMS are EMS 
3.2, enhanced EMS (EEMS) and EMS 
4.0. EMS 4.0 and EEMS are compati- 
ble with the 3.2 standard and work 


with programs that require it. All ver- 
sions of EMS require a minimum of 
64K bytes, in four 16K-byte frames, 
for their buffers. 

The earlier EMS 3.2 provides just 
four frames for EMS memory and can 
place frames only in upper memory. 
Hardware that features this version of 
the standard is obsolete, but many 
boards based on it have been installed 
in older machines. (And that’s where 
they are today.) 

EMS 4.0 incorporates changes in- 
troduced by EEMS and has supersed- 
ed it. It allows up to 64 16K-byte EMS 
frames and can place them anywhere 
in the first megabyte of DOS-address- 
able memory. EMS 4.0 is the version 
required by most memory managers 
that work with EMS adapters. How- 
ever, some utilities, like the Quarter- 
deck Expanded Memory Manager 
( QEMM ), are also compatible with 
EMS 3.2 and/or EEMS adapters. 
(Quarterdeck’s QRAM 286 manager 
can also work with EEMS adapters.) 

Memory Managers 

Memory managers usually provide a 
bundle of memory services through 
XMS and EMS drivers. Certainly, all 
of those researched for this article pro- 
vide management of UMBs. They use 
them to load TSRs and drivers into the 
space between the video buffer ending 
at BFFFF (or the VGA BIOS ending 
at C7FFF) and the beginning of sys- 
tem BIOS at F0000. 

Most utilities provide EMS buffers 
for programs that require them, many 
provide access to the HMA, and some 
can load extra DOS 3.x system buffers 
high, as well. Note, however, that not 
all of those that provide EMS can pro- 
vide it for Windows' real and standard 
modes. The better managers also 
move most of their own code out of 
the first megabyte of memory. (It’s an 
important feature because the mem- 
ory addresses available in real mode 
are all too quickly exhausted — even 
with the use of EMS.) Most provide 
shadow RAM, in extended memory, 
for machines that don’t already have 
shadow RAM installed at upper-mem- 
ory addresses. 

With a single exception, memory 
managers load programs high by mod- 
ifying the CONFIG.SYS and/or 
AUTOEXEC.BAT files. Nearly all 
make the required changes automati- 


cally for 386 and 486 computers but re- 
quire manual editing either for cus- 
tomization or if they provide manage- 
ment on 286 machines. And let’s face 
it: Many systems will work with any 
of the automatic-installation systems, 
but others are going to be a problem, 
no matter what memory manager you 
select. A lot depends on the adapters 
you have and the software you run. 

Without exception, every memory 
manager, no matter how automated, 
has a method for including and ex- 
cluding regions of memory from its 
manipulations. The nearly catholic 
method, which prevents a manager 
from using regions in use by undetect- 
able processes or hardware is to use an 
exclude parameter on the command 
line. For example, IBM token-ring 
adapters have memory that’s difficult 
to detect because it’s activated only 
when required. To exclude a region 
from D0000 to D4000 with MS-DOS 
5’s EMM386. SYS, the command: 

DEVICE = EM M386.EXE X = D000-D400 

would be added to the CONFIG.SYS 
file. Note the use of paragraph ad- 
dresses and the terse form of the 
command. 

Managers can increase available 
UMB space by adding unused frag- 
ments of upper memory as small as 
4K — including those in the dedicated 
BIOS area above F0000. Unused 
BIOS areas can include code used only 
during system start-up, such as the 
power-on self test (POST) and the 
system setup. Regrettably, these tech- 
niques are dependent on very intimate 
knowledge of (and work only with) a 
limited number of BIOS chips. 
They’re not available for all machines. 
A complementary INCLUDE statement 
typically recovers omitted areas. To 
ensure recovery of a 32K video range 
beginning at B8000, append MS-DOS 
5’s equivalent version of include to 
our earlier statement: 

DEVICE = EM M386.EXE X = D000-D400 

I = B800-BFFF 

DOS 5’s terse commands aren’t com- 
mon. exclude and include are the 
parameters for nearly all memory- 
management utilities. However, 
QEMM allows use of both verbose 
forms (exclude and include) and 
terse forms X and I) for the great ma- 
jority of its commands. An equivalent 
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statement for QEMM-386 could be 
written in a form similar to the one for 
MS-DOS as follows: 

DEVICE = QEMM386.SYS EXCLUDE 

= D000-D400 INCLUDE x B800-BFFF 

Memory managers are constantly 
evolving to provide more services be- 
cause many of their basic features are 
now also part of the principal small- 
computer operating systems: MS- 
DOS and DR DOS. Utilities can con- 
tinue to compete only by aggressively 
providing more available memory 
than do more-conservative operating 
systems. Thus, nearly all of today’s 
managers offer special features that 
differentiate them from their competi- 
tion. About the only familiar memo- 
ry-management feature that still isn’t 
offered by anyone is the ability to 
remove TSRs or drivers from memo- 
ry. A number of TSR managers pro- 
vide this in conventional memory, and 
Helix’s HEADROOM works with 
NETROOM in upper memory as well. 

The more-aggressive a manager’s 
approach, however, the more familiar 
it must be with specific hardware and 
software in its environments, and the 
more prone it will be to compatibility 
conflicts. Even among operating sys- 
tems, the more-aggressive DR DOS is 
more likely to feel the constraints of 


compatibility than is MS-DOS, which 
can provide less available memory on 
some machines. 

As an example, DOS isn’t allowed 
to load its tables and buffers into EMS 
memory while using V Communica- 
tions’ Memory Commander . This 
means that vdisk, fastopen and the 
BUFFERS commands mustn’t employ 
their /X parameter. (MC can load all 
this, plus executable code, high in- 
stead.) The same is true for QEMM 
when using some versions of DOS 4.x. 
More examples follow. 

In addition to EMS and XMS ser- 
vices, memory managers can provide 
applications with access to additional 
physical memory. QMAPS , for exam- 
ple, can recognize a large number of 
system-logic chip sets and, thus, is able 
to detect many AT-type machines that 
have dynamic RAM chips (DRAM) 
installed in the upper-memory area. 
QMAPS recovers the part of this 
memory not used for shadowing to 
store code or data that can be accessed 
in the UMB address space. 386MAX 
and QEMM can do the same with 
Compaq Top Memory. 

It isn’t possible to detect every in- 
stance where the technique can be 
used, but unless a computer can phys- 
ically switch this DRAM into the 
extended-memory-address space, 
managers without this ability let much 
of it go to waste. 

A scheme that has become com- 
monplace in the latest generation of 
memory utilities is “backfilling” con- 
ventional memory with unused ad- 
dresses from the video buffer. 
Monochrome adapters (and EGA and 
VGA monochrome modes) don’t re- 
quire the first 64K of video addresses, 
from A0000 to AFFFF, for their buf- 
fers. Instead, these addresses can be 
added to a computer’s contiguous 
conventional space, for a total of 
704K. For a CGA adapter, or for EGA 
or VGA color-text modes, the video 
buffer starts at address B8000. 

Many managers make available the 
96K from A0000 to B7FFF for con- 
tiguous conventional memory. 
Therefore, CGA-graphics or color 
text — CGA, EGA or VGA applica- 
tions — can have a total of 736K. Fur- 
thermore, there are different backfill 
strategies. QEMM-386 , for example, 
normally requires an EGA or VGA 
adapter and adds memory, depending 
on monitor type. It adds memory only 


if it exists as RAM at those addresses. 
DR DOS does this, too, but it can also 
backfill monochrome and CGA adapt- 
ers by mapping to other memory. 
(This eliminates the risk of crashes, 
because they can’t be switched to the 
wrong modes.) 

There’s one potential drawback to 
backfilling from EGA or VGA. DR 
DOS, and some other managers, re- 
quire you to run a utility before you 
switch an application back to graph- 
ics mode on an EGA or VGA adapter. 
In some cases, if you forget and try to 
run a color-graphics program without 
rerunning the utility, the system is like- 
ly to crash. 

There are also a couple of 32K re- 
gions in EGA- and VGA-adapter buf- 
fers you may be able to recover for 
UMB space. The area from B0000 to 
B7FFF isn’t used for color operation 
of these adapters. The area from 
B8000 to BFFFF isn’t used during 
monochrome operation. Either region 
can be recovered when it isn’t being 
employed as a buffer. Some utilities 
alternately use the region at B0000 to 
relocate the 32K VGA BIOS from 
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COOOO. Other utilities require you to 
configure these areas yourself. 

Another trick is to free up frag- 
mented areas of upper memory for use 
as conventional memory. The ap- 
proach Memory Commander uses is 
to compress active areas, such as 
UMBs and the video buffer, as far as 
possible towards the top of the upper- 
memory space. Unused slack is allo- 
cated downward to main memory. 
This method provides more program 
memory than any other. However, 
there’s a tradeoff. 

Any program that writes directly to 
the physical address of video memory 
must either use a standard method 
(int io, function FE), developed by 
IBM and used by both V Communica- 
tions (the company’s relocated screen 
interface specification, RSIS) and 
Quarterdeck (for DESQview), or pay 
a performance penalty while Memory 
Commander translates the addresses 
for every video-buffer access. (A pro- 
gram that uses DOS-service or BIOS 
calls for screen operations doesn’t re- 
quire translations and pays no penal- 
ty.) Nevertheless, a performance hit of 
10% during video access (the com- 
pany’s performance claim) may be 
quite tolerable when the alternative is 
the inability to fit a program into 
available memory. 


NETROOM has an even more 
radical scheme that can add as much 
as 576K of EMS memory to a com- 
plete, and separate, conventional- 
memory space, and up to 224K of 
UMB space. In other words, you can 
move up to 576K of TSRs and drivers 
out of conventional memory without 
touching upper memory. Helix con- 
tends that its NETSWAP4 utility uses 
“virtual machine” (VM) technology 
similar to that used by Windows , and 
that its VM even allows Windows two 
DOS sessions to communicate with 
each other. Using this technology, it’s 
possible to put a network redirector in- 
to one session and a DOS application 
that uses it in another. Nothing else 
gives Windows this ability, and it’s 
almost scary to think of so many elec- 
trons running wild in there all at once. 

There’s a disadvantage to the 
above, naturally. You can’t attach and 
detach network resources from the 
Windows control panel. Performance 
is also degraded — no more than 30% 
on throughput from a busy server and 
less than 10% on a workstation, ac- 
cording to Helix president Mike Spilo. 
A smaller VM can alternately be 
placed in upper memory, and net- 
works will run faster loaded there. 

Memory managers also offer mem- 
ory-related services, one of which is 


optional “instancing” of TSR pro- 
grams or drivers for use with Windows 
3.0. Windows 3.0-aware TSRs and 
drivers — the MS Mouse driver, for ex- 
ample — automatically provide in- 
stancing for each of the VMs Win- 
dows uses to run DOS applications. 
Every DOS application has its own 
copy. The memory manager provides 
instancing for programs that aren’t 
Windows- aware. (Never use it with a 
disk cache, though, because you have 
only one real disk surface.) 

Another routine extra is the addi- 
tion of emulated shadow RAM for 
machines that don’t have DRAM in- 
stalled at the upper-memory ad- 
dresses. The memory utility provides 
the shadow in extended memory that’s 
mapped to the ROM addresses. This 
method can offer an advantage over 
a built-in manager if a computer op- 
tionally allows its physical shadow 
RAM to be re-mapped as extended 
memory. In this case, the memory 
manager still can use the RAM for 
shadowing, but it can also recover 
unused areas for inclusion in its 
extended-memory pool. 

286 Versus 386 Memory 

There are actually two classes of 
memory managers: those for 386-based 
systems and those for systems based 
on the 286. As already noted, the two 
processor families have different ar- 
chitectures and, so, require different 
strategies to provide memory services. 
The most important difference is that 
386 processors have memory-manage- 
ment circuitry built into them that a 
utility can use for addressing and map- 
ping. It’s almost certain that you’ll be 
able to get EMS and XMS memory for 
your 386 machines through the expe- 
diency of an inexpensive memory- 
management utility. This isn’t neces- 
sarily so for 286 systems. 

Because the 286 processor doesn’t 
have built-in memory-management 
circuits, memory management must 
be provided by external chips. The 
missing features are sometimes pro- 
vided by the support chips that 286 AT 
manufacturers use to simplify build- 
ing their machines. These system-logic 
chips combine many of the original 
PC’s separate circuits, such as the 
memory controller, direct-memory 
access (DMA) controller, interrupt 
controller, universal asynchronous 
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receiver/transmitter (UART) and par- 
allel input/output (PIO) circuits. But 
not all chip sets offer memory-man- 
agement support, and those that do, 
don’t offer the required services in the 
same way. 

ATs built from chip sets that have 
support, may or may not work with a 
286 memory-management product 
like Quarterdeck’s QRAM, depending 
on whether software was written for 
that machine’s particular chips. For- 
tunately, most 286 products also work 
in systems that have an EMS 4.0 
adapter card installed in them. 

There are also utilities that work 
with their own proprietary hardware. 
Just about all 286 machines work with 
products like the All Charge Card. 
However, there’s a drawback to this 
approach too — high cost. While these 
products work well, the price of 
386SX upgrades and replacement 
motherboards has fallen to the point 
where hardware-based memory man- 
agers are no longer attractive at a $200 
to $400 price point. 

More and more, the market for 
hardware solutions shrinks to include 
just those premium machines where 
upgrade costs are still high. And even 
at the high end, products like the 
Kingston Technologies SX/Now! can 
upgrade a 286-based PS/2 (Models 50, 
60, AT and XT 286) with a 20-MHz 
386SX processor. It has a fairly sim- 
ple plug-in installation that doesn’t re- 
quire removal of the original mother- 
board, and it gives both memory man- 
agement and a faster 32-bit processor 
for a cost of $475. 

Besides the standards used to pro- 
vide memory services, programs that 
access memory in protected mode may 
conform to one or more standards 
used to coordinate their activities with 
hardware, firmware, other programs, 
environments and operating systems. 
The most important of these are the 
DOS protected-mode interface 
(DPMI), Virtual Control Program In- 
terface (VCPI) and Virtual DMA Ser- 
vices (VDS). The protocols that DPMI 
and VCPI provide are required for 
protected-mode programs like mem- 
ory managers and Autodesk’s Auto- 
CAD to coexist with each other. 

DESQview , for example, cooper- 
ates with memory managers through 
VCPI, a protocol that allows a DOS- 
extended program to run when loaded 
after an expanded-memory manager. 


Address Calculation 


Memory managers have restrictions on 
where they can place UMBs and EMS 
page frames. UMBs must begin on 4K 
boundaries. Page frames require a 16K 
boundary. ROM relocation has similar 
prerequisites. Fortunately, the necessary 
hexadecimal calculation requires no 


math, just the ability to recognize only 
five hexadecimal digits. The digit posi- 
tions in a hexadecimal address have the 

following values: 


Digit 

Value 

Position 

In Bytes 

4 

64K 

3 

4K 

2 

126 

1 

16 


The highest-order digit in any address 
(Digit 4) represents a 64K boundary. The 
next lower-order digit (Digit 3) represents 
a 4K boundary. The other positions will 
always be 0 for any 4K or 1 6K boundary. 

For example, if “X” stands for any 
hexadecimal digit, the following number 
always falls on a 4K boundary: XX000. 
Numbers with any value (X) in the high- 
est digit and a 0, 4, 8 or C (which equals 
the decimal number 12) in the next posi- 
tion are on a 16K boundary. These 
numbers all look like X00000, X4000, 
X8000 or XC000. 

Of course, the alternative forms of no- 
tation explained earlier can also be used. 
In this case, a 4K boundary has the form 
XX00 or XX(X):0000. 16K boundaries 
are either X000, X400, X800 and XC00 
or X000:0000, X400:0000, X800:0000 
and XC00:0000. 

What follows is the complete table of 
16K boundaries in upper memory, as rep- 
resented in the abbreviated paragraph 
form usually required by memory 
managers: 

A000 B000 B000 D000 E000 F000 
A400 B400 B400 D400 E400 F400 
A800 B800 B800 D800 E800 F800 
AC00 BB00 BC00 DC00 EC00 FC00 


Windows , in contrast, supports 
DPMI in the virtual machines it uses 
to run enhanced-mode DOS sessions. 
Without DPMI, DOS extended pro- 
grams have to switch to real mode 
whenever they want a DOS service 
(such as a mouse or driver), use the ser- 
vice and then switch back. With 
DPMI, applications make a call to a 
DPMI host that satisfies these require- 
ments with its translation services. 
(DPMI host services are available 
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Video Map 


The following represents the regions used by standard video 
modes on PCs and ATs. Unfortunately, one of the hazards of 
memory management is that software doesn’t always use the 
mode you expect. For example, upon detecting a VGA adapter, 
some programs ignore a monochrome monitor and use the color 
region at B8000. This isn’t normally a problem for the VGA 
adapter, but it’s disastrous if a UMB has been mapped at B8000. 

Address Standard Uses and Buffer Locations 
00000 Beginning of conventional memory 
9FFFF End of conventional memory 
A0000 640K boundary 

Beginning of upper memory 
VGA- Adapter Data 

Beginning of video buffer on VGA adapters 
Beginning of region used in all VGA graphics modes 
Beginning of region free in VGA color-text modes 
CGA-Adapter Data 

Beginning of vacant RAM region on CGA adapters 
Monochrome-Adapter Data 

Beginning of vacant RAM region on monochrome 
adapters 

AFFFF 

VGA- Adapter Data 

End of VGA monochrome-graphics region 
End of standard VGA color-graphics region 

B0000 

VGA- Adapter Data 

Beginning of first special 32K VGA region 
used by VGA monochrome-text modes 
free in standard VGA color modes 
used by some super-VGA adapters in high-resolution 
modes 

Monochrome-Adapter Data 

Beginning of video buffer on monochrome adapters 

BOFFF 

Monochrome-Adapter Data 

End of video buffer on monochrome adapters 


B7FFF 

VGA- Adapter Data 

End of first special 32K VGA region 

End of region free in VGA color-text modes 

End of regions used in VGA monochrome-text modes 

B8000 

VGA- Adapter Data 

Beginning of region used in VGA color-text modes 
Beginning of second special 32K VGA region free in all 
VGA monochrome modes 
CGA-Adapter Data 

Beginning of video buffer on CGA adapters 

B8FFF 

CGA-Adapter Data 

End of video buffer on CGA adapters 

BFFFF 

VGA-Adapter Data 

End of VGA color-text region 
End of some super-VGA high-resolution graphics 
regions 

End of all video buffers 

C0000 End of 32K VGA BIOS (ROM) region 
Beginning of region used for UMBs 
Beginning of region used for miscellaneous adapter 
RAM 

Beginning of region used for miscellaneous adapter 
ROM (regions used by networks interface cards 
[NICs], fax boards, etc.) 

E0000 Beginning of area sometimes used by built-in shadow 
RAM to relocate video BIOS 
Beginning of the system BIOS ROM 

Notes: (1) Standard VGA and EGA video share the same starting ad- 
dresses; (2) Size differences between EGA and VGA regions are insignifi- 
cant to creation of UMBs and EMS frames; (3) Standard monochrome 
addresses are also Hercules addresses; (4) The last byte of a 64K region 
has an FFFF address ending; (5) The last byte of a 4K region has an FFF 
address ending. 


from OS/2, as well as Windows.) 
Lotus 1-2-3 Version 3.1, in turn, re- 
quires memory managers to coordi- 
nate with it through either VCPI or 
DPMI. 

VDS is a specification that coordi- 
nates direct-memory access (DMA) 
device drivers and the memory man- 
ager so that they work with the same 
addresses. It ensures that DMA chan- 
nels are correctly handled when oper- 
ated in protected mode. 


Address Conventions 

Memory addresses in this article are 
given in decimal kilobyte figures (such 
as, 640K) or hexadecimal bytes (such 
as, A0000). There are other standard 
forms of notation you may encounter, 
often unexplained, in your documen- 
tation. An address like A0000 can be 


written as A000 or A000:0000, all 
referring to the same location. In 
either of the latter cases, A000 
represents the number of 16-byte 
paragraphs of memory, not bytes. 

Multiplying A000 by the size of a 
paragraph, hexadecimal 10 (decimal 
1 6), gives an address of A0000, the ad- 
dress after the 640K of conventional 
memory (00000 to 9FFFF). However, 
A000 can also represent bytes, in 
which case, it refers to the address im- 
mediately following the first 40K, 
which runs from 0000 to 9FFF. Pay 
close attention to the convention used 
in the documentation that accompa- 
nies all hardware and software. 

Configuring a memory manager for 
an AT-class computer often requires 
knowing where certain boundaries 
are. This requires knowing a few sim- 
ple tricks (see Address Calculation 


box). If you also commit some of the 
standard boundary addresses to your 
own memory, you’ll make manual 
changes and troubleshoot with more 
confidence. 

Tune in next month for our discus- 
sions on MS-DOS 5.0 and DR DOS 
6.0 and reviews of memory-manage- 
ment products that enhance the utili- 
ty of these two operating systems. ■ 
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Upgrading By Nick Goss 


A Tower of an Enclosure 

Part 4 

Construction, checking out the CYANCE Bus 
Expander system and final installation 



L ast month, we detailed how the 
CYANCE Bus Expander can add 
six more expansion slots to an existing 
PC/compatible computer. We fo- 
cused on how the circuitry works. 
Now we get on with how to wire the 
various elements that make up the 
system and we step you through 
checkout to make sure everything is 
running smoothly. Then it’s on to in- 
stallation of the system in the 
CYANCE enclosure and, finally, con- 
necting together all the elements. 

Construction 

When building the CYANCE Bus Ex- 
pander, it’s important that you take 
your time. Don’t expect to complete 
the project in an evening or two. Keep 
in mind that in a complex system like 
this, a single solder bridge can prevent 
the entire system from operating. So 
be very careful when soldering com- 
ponents into place. Use only enough 
solder to assure good electrical and 
mechanical connections. If you do ac- 
cidentally create a solder bridge, clear 
it immediately. 

Circuit layout is critical in this Bus 
Expander project. Therefore, I highly 
recommend that you use the actual- 
size printed-circuit artwork provided 
in Fig. 7 if you make your own boards. 
I f you do make your own double-sided 
printed circuit fabrication, see the 
“Making Double-Sided Boards’’ box 
elsewhere in this article for guidance. 
You can also make single-sided boards 
and use the component-side artwork 
for installing jumper wires in place of 
the conductor patterns shown. Alter- 
natively, you can purchase ready-to- 
wire boards from the source given in 
the Note at the end of the Parts List. 

Begin assembling your Bus Expand- 
er by wiring the Master Control Card, 


using the wiring guide shown in Fig. 
8 . 1 prefer to solder the ICs directly in- 
to the board. However, you might 
want to use sockets. If so, it’s impor- 
tant that you use the barrel-pin type 
socket that lets you solder the pins on 
top of the board. 

Once the ICs or sockets are in place, 
mount PI and P2, making sure to po- 
sition them for component-side sol- 
dering access if you’re using a home- 
fabricated board. Then mount and 
solder into place the capacitors, mak- 
ing sure you polarize them as shown. 

Note that resistors and jumpers are 
arranged side by side near 40-pin con- 
trol cable header socket PL When you 
install and solder into place these 


items, be particularly careful to avoid 
solder bridges. Next install the feed- 
throughs, using either cut-off resistor 
leads or No. 22 solid hookup wire, 
soldering them to the copper pads on 
both sides of the board. 

As you work on alternate sides of 
the board, be on the lookout for 
breaks and bridges in the copper 
traces. If you locate any bridges, clear 
them with a sharp hobby knife. Repair 
breaks with solder if they’re very fine 
and with bare hookup wire and solder 
if they’re larger. 

Next, jumper the pins 1 and 20 di- 
rection control lines as indicated. 

Mount 40-pin header socket PI and 
36-pin male strip connector P2 in their 
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Fig. 7. Actual-size printed-circuit artwork for (A) Master Control Card; (B) Data Master Card; (C) Data Slave Card; and 
(D) Bus Card. 
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respective locations. Position P2 to 
give soldering access on top of the 
board. Configure the MEMW, memr, 
low and ior lines for Master mode. 

Wire the Slave Control Card next, 
following the same procedure detailed 
above. However, make sure you con- 


figure this card as a Slave. Again, use 
Fig. 8 as a wiring guide. 

Construction of the Data Master 
and Slave Cards is similar to that for 
the Master Control Card and is de- 
tailed in Fig. 9. Begin by placing the 
damping resistors in all shunt loca- 


tions, as indicated. Mount the capa- 
citors and install the through-board 
via wires. Solder 40-pin header socket 
PI into place. Then mount the ICs, 
directly or via sockets. 

Mount SIP resistor pack R21, Place 
the small dot at one end of it in the 
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square pad + 5-volt hole. Mount D1 
and D2 , and finish up by mounting P2 
on the bottom side of the card. 

You wire the Data Slave Card exact- 
ly the same as you did the Data Mas- 
ter Card, except for the damping 
resistors and jumpers. Use Fig. 9 as a 


guide. Also, notice that the value of 
SIP resistor pack R21 changes to 470 
ohms and extra 470-ohm RIO discrete 
resistor installs next to it. 

The Bus Card is the backbone of the 
Bus Expander. If you’re using the sin- 
gle-sided board option, first be sure to 


install No. 22 wire jumpers in place of 
the traces for the component side of 
the board (see Fig. 10 for wiring de- 
tails). Then install and solder into 
place the 62-contact bus card-edge 
connectors flush with the top surface 
of the card. 
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Install the power connector and 
supply-line capacitors as shown. If you 
plan to mount the Bus Card inside the 
CYANCE enclosure, use the mount- 
ing holes, screws and spacers. How- 
ever, if you plan to use the Bus Card 
on a benchtop, press five or six self- 
stick square rubber feet on the bottom 
of the card to permit the bus to free- 
stand on your bench. 

Two 40-conductor ribbon cables 
with 40-pin IC headers at each end are 
required. Make your cables only as 
long as needed for your setup, but not 
longer than 10 feet. Keep in mind that 
the longer the cable, the greater the 
chance of bus signal distortion at high 
clock speeds. Also, make sure the ca- 
bles are the same length. 

Use a vise or connector crimping 
tool to secure the IDC (insulation- 
displacement connector) header on 
the cable. If you use a vise, place a 
piece of metal, plastic, or wood that 
fits between the two rows of pins on 
the header to protect the pins as you 
clamp down. Your protector block 
should be about 0. 1 00 " taller than the 
header pins to protect them as the vise 
snaps the rear shell of the connector 
into place. 

Your ribbon cable will probably 
have a colored stripe along one side to 
indicate line 1. This conductor will 
really go to pin 2 if you check, but it 
won’t matter, as long as the color strip 
is at the correct end of the header. 

Install the first header so that the 
red strip is on the left side of it, with 
the header pins facing away from you, 
and pin 1 in the lower-left corner. 

With the first header installed on 
one end of the cable, hold the cable 
ends up together so that the cable 
hangs down and forms a U shape. In- 
stall the second connector in the same 
manner as the first. When you’re 
done, set the cable on a table so that 
the header on your left has its pins fac- 
ing away from you. Now, with the ca- 
ble stretched out flat on the table, the 
pins of the header on your right should 
be facing you. 

Make both cables in the same man- 
ner. When you plug the headers in the 
sockets on the Control and Data 
Cards, you can put a 90° fold in the 
cable so that it runs out the front of the 
assembly. 

With your Bus Expander complet- 
ed, it’s a good idea to go over every- 
thing one more time. Check for prop- 


er wiring (components installed in the 
proper locations and properly polar- 
ized or oriented), missed solder con- 
nections, etc. Make absolutely certain 
that your work is correct. Remember 
that you are getting ready to plug the 
Bus Expander system into a slot on 
your computer’s motherboard and 
mistakes can be costly. 

Checkout 

To properly check your CYANCE 
Bus Expander, you need an oscillo- 
scope. Though meters are okay for 
making static measurements, you 
must be able to view the waveforms on 
the bus. For this, a scope is the only 


practical instrument to use when view- 
ing the activity on individual contacts 
on both buses. 

Begin checkout by connecting the 
CYANCE Bus Card to the power sup- 
ply in the CYANCE enclosure. Use 
Fig. 1 from last month to verify all 
pinouts for the buses. Then use the 
scope or a DMM to check the voltage 
outputs of the power supply. 

When you’re satisfied with the con- 
nections, apply power to the 
CYANCE Bus Card without any oth- 
er cards plugged into its bus connec- 
tors. Now check the various power 
pins to make sure the proper voltages 
appear at each pin in each connector. 
If everything isn’t in order, power 


PARTS LIST 


Master Control Card 
Semiconductors 

U1 thru U6 — 74S240 buffer 
Capacitors 

Cl thru C7 — 10-jiF, 16- volt electrolytic 
Resistors (!4-watt, 5% tolerance) 

R1 thru R13 — 100 ohms 
Miscellaneous 
PI— 40 pin DIP IC socket 
P2— 36-pin male single-row connector 
Printed-circuit board; IC sockets (see 
text); solder; etc. 

Slave Control Card 

Semiconductors 

U1 thru U6 — 74S240 buffer 

Capacitors 

Cl thru C7 — 10-jiF, 16-volt electrolytic 
Resistors (‘/i-watt, 5% tolerance) 

R1 thru R9— 100 ohms 
Miscellaneous 
PI — 40 pin DIP IC socket 
P2 — 36-pin male single-row connector 
Printed-circuit board; IC sockets (see 
text); solder; etc. 

Data Master Card 
Semiconductors 

U 1 ,U2,U3,U6 — 74S240 buffer 
U4,U5 — 74S38 quad two-input NAND 
gate with open collectors 
U7 — 74S00 quad two-input NAND gate 
D1,D2 — 1N4148 switching diode 
Capacitors 

Cl thru C6— 10-^F, 16-volt electrolytic 
Resistors (/{-watt, 5% tolerance) 

R1 thru R20,R22 thru R29— 100 ohms 
R2 1—2,200-ohm SIP pack 
Miscellaneous 
PI — 40-pin DIP IC socket 
P2 — 36-pin female single-row connector 
Printed-circuit board; IC sockets (see 
text); solder; etc. 


Data Slave Card 
Semiconductors 

U1 ,U2,U3,U6 — 74S240 buffer 
U4,U5— 74S38 quad two-input NAND 
gate with open collectors 
U7— 74S00 quad two-input NAND gate 
Capacitors 

Cl thru C6 — 10-jiF, 16- volt electrolytic 
Resistors (Vi-watt, 5% tolerance) 

R1 thru R8 — 100 ohms 
R10— 470 ohms 

R9— 470-ohm SIP resistor pack 
Miscellaneous 
PI — 40-pin DIP IC socket 
P2-— 36-pin female single-row connector 
Printed-circuit board; IC sockets (see 
text); solder; etc. 

Bus Card 
Capacitors 

Cl thruC28— 10 -jiF, 16- volt electrolytic 
with radial leads 

C29— 47-^iF, 16- volt electrolytic with 
radial leads 

C30— l-/zF, 16-volt electrolytic with 
radial leads 

C31 thruC37— 10 -jiF, 16 volt electrolytic 
with axial leads 

Miscellaneous 

PI thru P8 — 62-pin card edge connector 
with contacts on 0. 100" centers 
P9 — 12-pin male PC power connector 
Printed-circuit board; solder; etc. 
Note: The following items are available from 
U.S. Cyberlab, Inc., Rte. 2, Box 284, Cyber 
Rd., West Fork, AR 72774 (tel.: 1-501 
839-8293 or 1-800-232-9865 voice only): All 
five double-sided pc-board kit with holes 
not plated-through, $79.95; complete 
CYANCE Bus Expander electronic kit, in- 
cluding pc boards, $169.95. Add $4.95 
P&H. Akansas residents, please add 6% 
sales tax. MasterCard and Visa welcome. 
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down and correct the problem. Do not 
proceed until you’re certain every- 
thing checks out okay. 

Next, connect a clip lead with a 
4,700-ohm current-limiting resistor to 
the + 5-volt terminal of the power 
connector to make a signal injector 
that you’ll use to check the other pins 
across the bus. 

Using Fig. 1 as a guide, work your 
way up and down the contacts of the 
slot 8 connector. Apply +5 volts 
through the 4,700-ohm resistor while 
checking for -l- 5 volts along the entire 
length of the bus. Your scope or meter 
should indicate about 4.5 volts. If you 
find that this voltage is grounded, 
shorted to another pin, or absent, 
power down and correct the problem. 

If you encounter a location where 
the measured potential is down about 
1 .5 to 3 volts (don’t be fooled by the 
various power-supply pins), the low 
reading probably indicates a resistive 
short caused by excessive flux in the 
solder at that connection. The solution 
is to clean your CYANCE Bus Card 
with a good-quality solvent. 

At each contact location, check the 
contacts immediately adjacent to it as 
well. If a copper-trace bridge or solder 
bridge is shorting two or more pins to- 
gether, clear it now. 

With the Bus Card in front of you 
on a nonconductive surface and the 
CYANCE enclosure’s power supply 
shut down, connect the two together. 
Make absolutely certain you make this 
connection properly and that no other 
cards are plugged into the slots on the 
Bus Card. Plug the Master Control 
Card into slot 1 . With the power-sup- 
ply connector at the far end of the Bus 
Card (away from you), the Master 
Control Card should have its foil side 
toward you. 

Warning: Because the Bus Card is 
out in the open during this procedure, 
it’s very easy to lose track of which 
edge is the front of it. Plugging in a 
peripheral card backwards will more 
than likely destroy it in an instant! So 
keep double-checking yourself on or- 
ientation! I put a small sticker on the 
front of my Bus Card that identifies 
it as such. You should do the same. 

With the Master Control Card in 
place, power up the supply in the 
CYANCE enclosure while monitoring 
the + 5-volt power bus. If the mea- 
sured potential comes up to about 4.5 
Fig. 8. Master wiring guide for Master/Slave Control Cards. volts, everything is okay. If you 
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should observe a low voltage or no 
voltage at all, power down and re- 
check everything. 

Once you’re sure everything is 
okay, power up again. Checkout of 
the Master Control Card is relatively 
unstructured because it would take a 
written procedure about the size of 
this entire magazine to do it right. 

Because the 74S240 buffer ICs are 
inverters, you have only to use a 
grounded clip lead to check each in- 
put. Place your scope or DMM on any 
particular output pin of the buffer IC 
under test. (Be sure to note which 
“bank” is enabled by the direction 
control voltage on pins 1 and 19. This 
selects which pins are inputs and which 
are outputs.) You can make an output 
go high by grounding the appropriate 
input pin or connector pin. Use this 
method to check each buffer, and 
compare what you see with the sche- 
matic and layout drawings. If you dis- 
cover anything unusual, power down 
and correct the problem. This test is 
very important because it locates most 
problems very quickly. 

When you’re certain everything is in 
order, power down and remove the 
Master Control Card from the Bus 
Card slot. Then, still with power off, 
plug the Slave Control Card into the 
bus (remember to observe proper ori- 
entation), and test it in the same man- 
ner as you did for the Master Control 
Card. Remember, though, that the 
Slave Control Card’s inputs and out- 
puts are the opposite of those of the 
Master Control Card. 

Power down and plug the Master 
Control Card back into the Bus Card, 
and plug the Data Master Card onto 
the Master Control Card, leaving the 
spacers and screws off at this point. 
Testing both Data Cards is the same 
as for the Control Cards. 

Check each input using the ground- 
ed clip lead, and check for output 
switching at the appropriate output 
pins. (Make sure you ground only the 
input pins, not the outputs. Though 
it’s unlikely, shorting the outputs of 
these chips could damage the buffers.) 

To test the 74S38 ICs, you must 
ground pins 9 and 10 of U7 to force 
high output pin 8 of this chip and 
enable U4 and U5. Then use a 4,700- 
ohm series resistor connected to the 
4- 5-volt power connector to “probe” 
the inputs at pins 1,4, 10 and 1 3 of U4 
and U5. The appropriate open-collec- 
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PC-BASED 

DEVELOPMENT 

TOOLS 

If you’re interested in microprocessor-related projects, 
our tools can help. Our PIC microcontroller tools allow 
you to learn about and use single-chip computers. 
And our EPROM emulators are time-savers in 
almost any project that uses EPROMs. 


MICROCONTROLLER PROGRAMMER 



The PIC®1 6C5x family of microcontrollers are inexpensive, 
8-bit, single-chip computers. They combine a CPU, EPROM, 
RAM, and I/O for as little as $3.00 each. Our tools allow 
you to program these parts with your own software. A single 
PIC can replace many ICs, in addition to adding real 
intelligence and flexibility to your designs. 


Includes assembler, programmer, and cables. 

PIC is a registered trademark of Microchip Technology, Inc. 


$199 


27256 EPROM EMULATOR 



If your projects use EPROMs, you can probably use an 
EPROM emulator. An EPROM emulator plugs in place of an 
actual EPROM, but instead of programming parts to test 
your code, you simply download to the 
emulator. 

Emulates 2764, 27128, and 27256 EPROMs. 


$199 


(■s™) P/&/\l±AX n ^ os 'l Co ^ 

(916) 721-8217 • FAX: (916) 726-1905 

Parallax, Inc. • 6200 Desimone Lane, #69A • Citrus Heights. CA 95621 

Prices subject to change without notice. 

California residents add appropriate sales tax. 

Add $4.00 for UPS ground. $7.00 for 2nd day. $15.00 for next day. 
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Prairie Digital, Inc.i 

PC DATA ACQUISITION 
SYSTEM - $79 

INCLUDES SOFTWARE ON 5.25” FLOPPY 
MODEL 30-FOR 386’S, XT’S, ATS, PS2 
MODEL 25 & 30'S. 

FEATURES: 

★ 24 LINES OF PROGRAMMABLE INPUT/OUTPUT 

★ 8 BIT ANALOG TO DIGITAL CONVERTER 

★ 8 CHANNEL ANALOG MULTIPLEXOR 

★ 12 BIT CMOS COUNTER 

★ PC BUS CARD ELIMINATES USING THE SLOW 
RS232 PORT 

★ EASY INTERFACETO ALL POPULAR LANGUAGES 

★ HIGH QUALITY PCB AND COMPONENTS 

★ A/D CHANNELS SELECTED BY SOFTWARE 

★ OPTIONAL 7 CHANNEL 50V DRIVER AVAILABLE 
FOR ADDITIONAL $5 



APPLICATIONS: 

★ CONTROL RELAYS, LIGHTS & MOTORS 

★ MEASURE TEMPERATURE, PRESSURE, LIGHT 
LEVELS, & HUMIDITY 

★ INPUT SWITCH POSITIONS, THERMOSTATS, & 
LIQUID LEVELS 

★ GREAT FOR ROBOTICS, SERVO CONTROL LOOPS 


MODEL 150 TRUE RMS 
DMM W/RS232 PORT - $149 

INCLUDES RS232 PC CABLE AND 
SOFTWARE ON 5.25" FLOPPY 



★ LARGE 3 3/4 DIGIT DISPLAY (3.999 VS. 1 .999 FOR 
3 1/2 DIGIT METERS) 

★ RS232 SERIAL INTERFACE COMMUNICATES WITH 
COMPUTERS AND PRINTERS 

★ MEASURES AC-DC VOLTAGE AND CURRENT, 
FREQUENCY, RESISTANCE 

★ 20 AMP CURRENT RANGE, 30 Hz TO 40 KHz 
FREQUENCY RANGE 

★ DIODE TEST AND AUDIBLE CONTINUITY 

★ AUTO-RANGING SELECTION CAN BE DEFEATED 
USING RANGE BUTTON 

★ TRUE RMS READING ELIMINATES ERRORS DUE 
TO NON-SIN USOIDAL SIGNALS 

★ DATA HOLD, MAX/MIN, AND RELATIVE READING 
MODES WITH INDICATORS 

★ ANALOG BAR GRAPH DISPLAY - UPDATES AT 5X 
THE RATE OF DIGITAL DISPLAY 

★ OVERALL SIZE 6.4 x 3.1 x 1.2" 

★ INCLUDES 9V BATTERY AND TEST LEADS 

SEND CHECK, MO, VISA, MC 
INCLUDE $5 FOR SHIPPING & HANDLING 

'Prairie Digital, Inc? 

846 Seventeenth Street 
Prairie du Sac, Wisconsin 53578 
V U.S.A. Tel/Fax: (608) 643-8599 J 


CIRCLE NO. 84 ON FREE INFORMATION CARD 



Fig. 9. Wiring details for Master/Slave Data Cards. 
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Fig. 10. Wiring details for Bus Card. 


tor output pin should pull down to 
near ground potential as you apply the 
input voltage. 

Power down and repeat the above 
procedure with the Slave Control 
Card onto which you’ve plugged the 
Data Slave daughterboard. Checkout 
of this pair of cards is almost identical 
to that detailed above. Use the appro- 
priate schematic and layout drawings 
as guides as you make your tests. 
When everything checks out okay, 
you’re ready to proceed to installation 
of the CYANCE Bus Expander in the 
CYANCE enclosure. 

Installation 

With the CYANCE Bus Card either 
mounted in its enclosure or out on 
your work surface, plug the control 
cable into the Master Control Card. 
Then plug the data cable into the Data 
Master Card and attach it to the Mas- 
ter Control Card. If you feel confident 
that everything is okay, put the spacers 
and screws in place. 

With no power applied to either 
your computer or the Bus Expander, 
plug the Master assembly into slot 8 of 
your computer’s motherboard. (Slot 
8 is the one closest to the processor on 
most motherboards.) If necessary, 
move your video card or any other 
card that might be occupying slot 8 to 
another slot. Then unplug all other 
peripheral cards from your mother- 
board, making a note of from which 
slot you removed each card. The only 
items you should have plugged into the 
bus slots of your computer’s mother- 
board should now be a video card and 
the Master assembly. 

Connect the control cable to the 
Slave Control Card and the data cable 
to the Data Slave Card. Now plug the 
Data Slave daughterboard to the Slave 
Control Card with spacers and ma- 
chine hardware. Finally, plug the 
Slave assembly into the Bus Card. 

Turn on CYANCE’s power supply 
and check for proper operating sup- 
ply voltages. If everything checks out 
okay, turn on your video monitor and 
wait a few seconds for it to warm up. 
With your scope or DMM probe 
placed on the + 5 volt pin of your PC’s 
motherboard power connector, turn 
on your computer. If the +5 volt 
supply doesn’t appear normal, power 
down and recheck everything. 

Once the + 5-volt bus is operating 
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properly, leave the power to your PC 
on and watch for signs of the BIOS 
booting on your video monitor. It 
should come up in the usual manner. 
This is a good sign that your mother- 
board doesn’t mind having the Master 
assembly ‘ ‘on-board. ” You will soon 
see a message on-screen that states 
something like, “Can’t continue 
without disk!” If your system makes 
it to this point, simply power down 
your computer and switch off the 
CYANCE Bus Expander. 

Next, plug a peripheral card into 
any free slot on the CYANCE Bus Ex- 
pander. (Again, watch for proper or- 
ientation if the Bus Card isn’t installed 
in the CYANCE enclosure!) I prefer 
to use a modem card or serial card for 
this test. Power up the Bus Expander 
and then your computer. The latter 
should boot as before and give the 
same message about needing the disk. 
If your system does this successfully, 
it means the CYANCE Bus Expander 
isn’t interfering with operation of 
your computer’s motherboard. Once 
again, power-down both units. 

Now plug your floppy-disk (or 
combined floppy/hard-disk) control- 
ler into the bus on your PC’s mother- 
board. Connect the power and data 
cables to your floppy disk but not to 
your hard disk. Place a bootable disk- 
ette in floppy drive A and close the 
door on the drive. Power up first the 
CYANCE Bus Expander and then 
your computer. The system should 
boot and load the operating system 
from the diskette. 

With DOS loaded, try a directory 
(Dl R) command. If you see a directory 
listed on the screen of your video mon- 
itor, try loading BASICA or some 
other program and make sure that it 
performs properly. Exit whatever pro- 
gram you just loaded and checked out 
and then load a terminal program that 
can access your remote modem or 
serial card. If the CYANCE Bus Ex- 
pander is functioning properly, you 
will obtain normal operation. 

The acid test for the CYANCE Bus 
Expander is to power down complete- 
ly and move first the disk controller, 
followed by the video card out onto 
the CYANCE Bus Card. On power- 
up, your system may or may not work 
with this hardware configuration. If 
it doesn’t, your system may be too fast 
to allow this type of operation. If this 
is the case, you needn’t worry because 


Making Double-Sided Boards 


In professional circles, double-sided 
printed-circuit boards have “plated- 
through” holes (called “vias”)that pro- 
vide conductive bridges between the con- 
ductor pattern on one side of the board 
and that on the other side. The plating 
that “bridges” the two sides of the board 
is accomplished using a complex number 
of steps, using expensive and specialized 
equipment not normally available to 
hobbyists and experimenters. 

With plated-through holes, ordinary 
components and hardware are used to 
assemble a circuit using ordinary solder- 
ing techniques. If you fabricate your own 
boards, you won’t be able to plate- 
through the required holes. Therefore, 
you have two alternatives from which to 
choose when making your own boards. 
One is to go single-sided and replace the 
conductors on the side that has the lesser 
complex conductor pattern (usually the 
“component” side) with wire jumpers. 
The other is to go double-sided but make 
provisions for soldering access on both 
sides of the board through which a com- 
ponent lead or pin or a wire passes. 

The CYANCE Bus Expander de- 
scribed in the main article was designed 
so that you can fabricate your own cards 
at home, using essentially the same tech- 
niques you’d employ for two separate 
single-sided cards. 

Transfer the four mounting-hole posi- 
tions at the corners of your boards from 
the artwork to the copper surface of the 


blanks with a sharp pin, awl or hobby 
knife. Then drill the holes in the marked 
locations with a No. 68 bit. This step 
allows you to register the artwork on the 
pc blank while exposing each side. 

When you set up for exposing the 
boards, make sure to keep track of which 
side of the artwork is inside and which 
is outside. Otherwise, you may end up 
making your boards inside out! 

Expose the pc blanks and then develop 
and etch them as you would a single-sided 
board. Be careful to avoid scratching the 
resist on the sides facing away from you 
as you agitate the boards in the etchant. 

When etching is complete, drill all ap- 
propriate-size holes. The boards for the 
Bus Expander were designed to minimize 
the number of connection that must be 
soldered on the component side. In ad- 
dition to several IC pins that must be 
soldered to the pads on both sides of the 
board, you must use solid bare hookup 
wire as “feed-throughs” that take the 
place of vias in a number of locations. 

This process may be a little more time- 
consuming than for a single-sided board, 
but it’s worth the effort. Its only major 
limitation, aside from the extra time 
needed to solder connections on the com- 
ponent side of the board, is that some 
connectors must be raised slightly to give 
soldering access to the pins between con- 
nector body and board. This shouldn’t 
be a problem if you keep this in mind 
when you position the connectors. 


you should really keep your video, 
disk controller and memory-expan- 
sion cards as close as possible to the 
processor on your computer’s mother- 
board. Simply locate less-demanding 
cards in your Bus Expander unit. 

In Conclusion 

Before signing off, I should mention 
that I’ve included pads on the 
CYANCE Bus Card for some small 
100- to 1,000-pF capacitors to be in- 
stalled if they’re needed to get your 
system running smoothly. One com- 
puter with which I tested the 
CYANCE Bus Expander wouldn’t 
permit the disk controller to operate 
on the CYANCE Bus Card without 
1,000-pF capacitors installed across 
the data bus. If you find that your par- 
ticular systems requires this type of 
modification , install the capacitors on 
the CYANCE Bus Card. 

Remember that the CYANCE Bus 


Expander is basically an experimental 
PC bus platform. As such, perhaps 
you can improve upon the operation 
of the basic unit by making changes 
that enhance its performance. If so, 
you might want to share your ideas 
with other users on the CYBERNET 
bulletin board. To access the NET, 
simply call 501-839-8293 after 6 P.M. 
CST. The network is available to all 
ComputerCraft readers who are in- 
terested in exchanging information 
and ideas. 


Nick Goss 
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Application By Hardin Brothers 


Adding Mouse Support to 
Your Programs 

Making programs respond to mouse commands 
can be deceptively simple 


W hen Apple introduced the Mac- 
intosh computer, many PC 
users commented that they’d never be 
caught with a mouse on their desks. 
Today, desktop rodents are a familiar 
part of most computers, whether they 
use DOS, Microsoft Windows , the 
Macintosh operating system or some- 
thing more exotic. 

If you’re a programmer but have 
never written a program that makes 
use of a mouse, you may think that 
adding mouse control is difficult. On 
one level, at least, it’s very easy to in- 
clude mouse support in your programs. 
The mouse driver, MOUSE. SYS or 
MOUSE.COM, supplied with every 
mouse does the work of displaying the 
mouse cursor, moving it around the 
screen and interpreting button clicks. 

Your software communicates with 
the mouse driver with simple interrupt 
calls. Your software can ask for the 
status of the mouse, its current posi- 
tion and whether a button click has oc- 
curred. If the mouse driver senses a 
button click, it tells your program the 
screen coordinates of the cursor when 
you press the button and which but- 
ton is pressed. Your software can also 
use the mouse driver to set the text and 
graphics mouse cursor, turn on and 
off the mouse cursor, position the cur- 
sor anyplace on-screen and ask the 
mouse driver to perform a number of 
other housekeeping tasks. 

It’s all pretty simple, but deceptively 
so. The only rule you have to follow 
is to turn off the mouse cursor before 
you update the screen and then turn 
back on the cursor to avoid having 
“ghost” mouse cursors showing up all 


Menu: 

Display Menu 
Get User’s Choice 
Call Chosen Routine 
Go to Menu: 


Fig. 1 . A simple menu system. 

over the screen. Otherwise, communi- 
cating with a mouse is simpler than 
working with any other piece of com- 
puter hardware except, perhaps, the 
keyboard. 

It doesn’t take most programmers 
long to realize that learning to commu- 
nicate with the mouse driver isn’t 
enough. Unless your program insists 
that input come from the mouse in- 
stead of the keyboard, you’ll want to 
create a modern mouse-and-keyboard 
interface. And you’ll find that doing 
so brings you face to face with all sorts 
of complications. For example, sup- 
pose your program begins, as many 
do, with a full-screen menu. No mat- 


Put cursor bar on default item 
Get User’s Choice: 

Wait for a key 
If it is a cursor key 
Move the cursor bar 
If it is a “hot key” 

Move cursor bar to keyed item 
If it is an Enter key 
Select highlight item 
If no item is selected 
Go to Get User’s Choice 


Fig. 2. Get the User’s Choice (key- 
board only). 


ter what programming language you 
use, the menu routine will look 
something like that shown in Fig. 1. 

In a keyboard-only application, the 
second step, getting the user’s choice, 
may mean that you simply get a key- 
stroke or input line. Even if you add 
a moving cursor bar to let the user 
highlight each choice and then press 
enter, the code is quite simple, as il- 
lustrated in Fig. 2. 

Now add a mouse. You have several 
choices here. If you wish, you can turn 
off the mouse cursor and interpret 
mouse movements as if they’re cursor 
keys and the mouse click as if it’s the 
ENTER key. Lots of programs do this, 
and they’re almost all unsatisfactory. 
The problem is that users expect the 
mouse to act differently from the key- 
board. They expect the mouse cursor 
to move smoothly over the entire 
screen and the cursor bar to move 
when the mouse cursor touches new 
menu items. 

If you want to please users, the “Get 
User’s Choice’ ’ portion of your menu 
routine will suddenly seem pretty com- 
plicated. It may end up looking some- 
thing like that shown in Fig. 3. 

Notice that all we’ve done so far is 
implement a simple, full-screen menu. 
Now add a data-entry screen with sev- 
eral fields. In a keyboard-only pro- 
gram, it’s a simple matter to move 
through the fields one at a time, insist- 
ing that the user fill in each before 
moving on to the next one. If the pro- 
gram needs to be “friendly,” you’ll 
probably want to add some way to let 
the user move backwards and edit 
some text again. You may even want 
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Put cursor bar on default item 
If mouse is installed 
Turn on Mouse Cursor 
Get User’s Choice: 

Poll the Keyboard 
If a Key is available then 
If it is a cursor key 
Turn Off Mouse Cursor 
Move the cursor bar 
Turn On Mouse Cursor 
If it is a “hot key” 

Turn Off Mouse Cursor 
Move cursor bar to keyed 
item 

Turn On Mouse Cursor 
If it is an Enter key 
Select highlighted item 
If no item is selected and mouse 
is installed 

Poll the Mouse 
If the Mouse has moved 
If the Cursor is on a choice 
Turn Off Mouse Cursor 
Highlight Item under 
Mouse Cursor 

Turn On Mouse Cursor 
Else ignore mouse 
movement 

If Left Mouse Button Click 
If the Cursor is on a choice 
Select the item 
Else ignore the click 
If no item is selected 
Go to Get User’s Choice 


Fig. 3. Steps for Get User Choice 
(mouse plus keyboard). 


to provide context-sensitive help with 
the Fi function key. 

When you add a mouse, the com- 
plexity of your code increases. The 
user will probably expect to select edit 
fields with the mouse, move the edit- 
ing cursor in a field with a mouse and 
be able to select a block of text inside 
a field by dragging the mouse. You’ll 
have to keep track of which fields 
haven’t yet been filled, you’ll need 
more-complex editing procedures and 
you may want to add a clipboard of 
some sort. You’ll need to know where 
every edit field is to match the mouse 
coordinates with screen locations. 
And you’ll probably want to add an 
“Okay” button to accept the entire 
form, a “Help” button for context- 
sensitive help and maybe other but- 
tons to run the clipboard. 


Of course, your program will have 
to keep track of all these buttons and 
edit fields to know how to react to 
every mouse click as well as every key- 
stroke. And every routine that accepts 
keystrokes will also have to know how 
to react to mouse activities. If you then 
decide to add a series of pull-down 
menus that can be activated with either 
the mouse or the keyboard, you’ll 
have a mass of confusing input in- 
structions and tests. 

If you decide to change the arrange- 
ment of input fields, entries in the 
menus, locations or sizes of the but- 
tons or anything else, you’ll face a 
nightmare. You’ll have to change all 
input routines and location tests 
throughout the entire program. 


A Different Look 

Don’t throw up your hands in frustra- 
tion and vow to work with keyboard- 
only programs forever. There’s a 
much easier way to handle all this 
complexity. You may eventually find 
that it’s easier to write a program with 
a modern user interface than it is to 
write an old-fashioned program. 

Early computers ran batch-oriented 
programs. An operator gave the ma- 
chine a program to run and a batch of 
data, often on punch cards or tape, 
and let it grind away until it had a re- 
sult. The “user,” if there was one, 
simply told the computer operator 
what program or data set to run and 
often had to wait hours or days to ob- 
tain the results. 

Time-sharing terminals and person- 
al computers ushered in an age of pro- 
cedure-driven or “modal” programs 
that change from one mode to another 
as user and program move from one 
procedure to another. It’s up to the ap- 
plication designer and programmer to 
decide what capabilities of the pro- 
gram are available in each possible 
mode. For example, many word pro- 
cessors leave edit mode and its capabil- 
ities when print mode is selected. 

It’s very difficult to add a modern 
user interface, complete with keyboard 
and mouse support and pull-down 
menus, to a modal program. Users ex- 
pect to be able to access any mode 
through menus, but the underlying 
program is written to work in one 
mode at a time. 


In the last few years, programmers 
have been slowly adopting a complete- 
ly different way of organizing pro- 
grams. Their goal is to write “mode- 
less” programs that always have all 
program capabilities available to the 
user. While few, if any, major applica- 
tions are completely modeless, many 
programs approach this ideal. Instead 
of being organized by procedures, 
they’re organized around “events.” 

An event in this sense is anything 
that can create a signal. It may be a 
keystroke, mouse movement or but- 
ton click or a character arriving at a se- 
rial port, for example. It might also be 
generated internally by the program. 
At the heart of a program organized 
by events is an Event Manager that 
collects events and places them in a 
queue or first-in/first-out (abbreviat- 
ed FIFO) buffer. 

The Event Manager is responsible 
for sending event signals to the parts 
of the program that need them. For 
example, in the data-entry screen I de- 
scribed above, assume the user has se- 
lected a block of text. If he now clicks 
the mouse on “Edit” on the menubar, 
the Event Manager sends the mouse 
click to the menu system. 

The menu system could then drop 
down the Edit menu. If the user next 
clicks on “Cut” to move a block of 
text to the clipboard, the menu system 
might recognize this selection as a syn- 
onym for the Shift-Delete keystroke. 
Instead of performing the cut itself, it 
would send the Shift-Delete event to 
the Event Manager, which would han- 
dle this event just as if it had been 
typed instead of selected from a menu. 

Now the Event Manager would 
send Shift-Delete to the input-editing 
routine, which would remove the text 
from the edit field and send it to the 
clipboard. At a later time, the user can 
press the appropriate keys (Shift-Ins, 
perhaps) or select “Paste” from the 
Edit menu. The input-editing routine 
could then request the text from the 
clipboard. 

The advantage of using an Event 
Manager is that user input and inter- 
procedure signals are handled in a con- 
sistent and simple manner. The user 
has wider access to the program’s cap- 
abilities, and the program is much eas- 
ier to update and change. It’s easy to 
add another menu item and a new sig- 
nal — much easier than it is to add a 
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new feature to a program that has all 
its procedures communicating directly 
with each other. 

There are some complications to the 
above, however. One is how to organ- 
ize the Event Manager. If the Event 
Manager spends all its time polling the 
keyboard and mouse, there will be lit- 
tle processing power left for the pro- 
gram itself. Therefore, the Event 
Manager often gathers user input 
through a series of interrupts. 

Handling the keyboard through in- 
terrupts is easy. Each time the user 
presses or releases a key, the keyboard 
hardware creates an INT09 interrupt. 
Normally, the BIOS handles this inter- 
rupt by translating the hardware key 
number into the appropriate ASCII 
signal and placing the key into the 
BIOS type-ahead buffer. An Event- 
based program can either monitor or 
take over INT09. If it simply monitors 
the interrupt, it knows when to call the 
BIOS to collect each keystroke as it ap- 
pears. If it takes over INT09, it can in- 
terpret each keystroke itself. 

Mouse events can also be collected 
through interrupts. One of the mouse- 
driver services tells the driver that a 
program wants to be interrupted 
whenever a mouse event occurs. The 
Event Manager merely has to register 
the appropriate function with the 
Mouse Driver. 

The Event Manager will probably 
want to be called every time the mouse 
moves to support dragging items 
around the screen, but most systems 
don’t record every mouse movement 
as a separate event. If the user moves 
the mouse back and forth across the 
screen several times, a huge number of 
events are recorded, which can over- 
flow the event queue. Instead, mouse 
movements are usually accumulated 
into a single event until the signal is 
sent to a receiving procedure. How- 
ever, mouse button clicks and releases, 
along with the mouse position when 
they occur, are usually stored as indi- 
vidual events. 

The Event Manager can also cap- 
ture and store system timer ticks, char- 
acters received through a serial port 
and other hardware events in a similar 
fashion. In some systems, the Event 
Manager really becomes a generalized 
interrupt handler, taking care of sever- 
al kinds of hardware events. 

Another complication is how the 


Event Manager sends event signals to 
the correct procedures. Though there 
are several possible methods to ac- 
complish this, the simplest seems to be 
for the Event Manager to keep a list 
of procedures that are eligible to re- 
ceive event signals. It maintains this 
list in order of eligibility. 

When it’s time to send a signal, the 
Event Manager sends it to the most- 
eligible procedure first. It does this by 
calling this procedure and sending to 
it the details of the event as a calling 
parameter. The procedure checks to 
see if the signal is, indeed, meant for 
it. If so, it does whatever needs to be 
done with the signal, responding to the 
particular keystroke, mouse click or 
other signal type as it sees fit. It then 
marks the signal as used and returns 
to the Event Manager. 

If the procedure can’t handle the 
signal, it simply returns to the event 
manager, which then calls the next 
procedure on its eligibility list. If the 
Event Manager has called all proce- 
dures on its list and the signal still 
hasn’t been marked as used, the Event 
Manager normally calls a default pro- 
cedure that simply discards the signal 
as meaningless for the system. 

The procedure at the top of the eligi- 
bility list is often said to “have the fo- 
cus” because it usually takes care 
of standard keyboard input. Mouse 
clicks are usually handled by the first 
procedure that owns the part of the 
screen in which the click occurred. 
However, a procedure like an open 
menu bar can react to a mouse click 
away from its part of the screen by 
simply closing the menu and marking 
the signal as used. 


Event-Based Systems 

Event-based or event-driven systems 
require programmers to change their 
way of thinking about a program. In- 
stead of a set of procedures that are 
tightly interrelated, an event-driven 
program is more like a loose confeder- 
ation of independent routines. In 
many ways, such programs are easier 
to write than are conventional applica- 
tions because the members of the con- 
federation can often be written, tested 
and debugged separately. 

The underlying Event Manager is 
critical to the success of the entire sys- 


tem. Many programmers prefer to 
work with an existing, proven system 
instead of creating their own. One 
event-driven system, Microsoft Win- 
dows, is well known. For program- 
mers, Windows can be frustrating to 
learn because it provides such a large 
number of program services and can 
send so many different messages and 
event signals to each program’s pro- 
cedures. 

Another Event-based system that’s 
gaining a great deal of popularity is 
Borland International’s Turbo Vi- 
sion, which is available with the new- 
est versions of the company’s Pascal 
and C++ compilers. Turbo Vision 
requires programmers to understand 
how to use the object-oriented fea- 
tures of C + + or Pascal because it re- 
lies heavily on classes, inheritance and 
virtual functions. If you’re familiar 
with either C + + or Turbo Pascal, 
Turbo Vision will help you create very 
powerful character-based programs 
while it takes care of the user interface. 
Once you understand how the system 
works, you’ll find using it is quite sim- 
ple. Other event-driven systems are 
also available. 

If you prefer, you can write your 
own event-driven programs from 
scratch. Languages that can call func- 
tions by a pointer, like C, are ideal for 
this, because the list of eligible signal 
receivers is easy to maintain. Also, 
such languages usually make the 
event-gathering portions of the Event 
Manager easy to write. But there’s no 
inherent reason why you couldn’t 
write an event-driven program in 
QuickBASIC, for example, as long as 
you’re willing to add a couple of as- 
sembly-language routines. GW- 
BASIC, however, is probably out of 
the running because of its severe 
limitations. 

Event-based programming isn’t a 
substitute for the structured program- 
ming techniques that most of us have 
learned. Instead, it’s an extension of 
those techniques that makes modern 
and complex programs easier to build. 
For short programs that you’ll run 
once or twice and then discard, it’s 
probably more trouble than it’s worth. 
But for professional-looking pro- 
grams you can enlarge and improve 
upon without causing a rat’s nest of 
confusion, it’s the best technique cur- 
rently available. ■ 
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Application By Jan Axelson 


Detecting & Measuring 
Physical Parameters 

How to Use Sensors to Detect and Measure Just 
About Anything 


W ho makes sensors to measure 
carbon monoxide, ultraviolet 
radiation or fluid velocity? Is there a 
sensor that can detect cracks or bumps 
on a surface? How can a sensor’s 
± 12-volt output interface to a + 5- 
volt microcontroller? Is there a way to 
interface an analog voltage to a micro- 
controller port without using eight or 
more data lines? 

You can do lots of interesting things 
with sensors if you know where to find 
what you need and how to use the sen- 
sors once you have them. This article 
will help you in finding and using sen- 
sors in your microcomputer circuits, 
including finding the right sensor for 
your application, interfacing sensors 
to microcontrollers and a microcon- 
troller and BASIC compiler for data- 
acquisition (and other) applications. 

As usual, my focus will be on de- 
signs that use microcontrollers and 
other dedicated single-purpose com- 
puters, rather than general-purpose 
personal computers, although you 
certainly can interface sensors to per- 
sonal computers as well. 

Sensor Basics 

A sensor is a device that responds to 
a physical variable, such as tempera- 
ture, light, chemical composition, mo- 
tion or electrical properties. Other 
terms for sensor include detector and 
transducer. Table 1 gives a more ex- 
tensive list of sensor types, which 
clearly shows that you can use sensors 
to detect and measure all kinds of var- 
iables, properties and conditions in the 
world around you. 

In addition to differences in what 
they respond to, sensors also vary in 
how they respond. A weather vane, 
for example, responds to changes in 


wind direction by rotating, while a 
strip of litmus paper responds to acidi- 
ty by changing color. We’ll concen- 
trate here on sensors that respond elec- 
trically, usually with a change in volt- 
age, current or resistance because 
these qualities are most easily detected 
and measured by electronic circuits. 

Finding Sensors 

Some sensors are readily available. 
These include thermistors, which re- 
spond to temperature, and photodi- 
odes and solar cells, which respond to 
light. (See “A Sensor Roundup” in 
the February 1992 issue of Computer- 
Craft for more on temperature and 
light sensors.) 

Surplus catalogs sometimes have 
good deals on more-exotic sensors . A 
recent catalog from All Electronics in- 
cluded a dollar-bill sensor, several 
sound-activated switches and a passive 
infrared detector equipped with se- 
lectable lenses. 

Sometimes you can make your own 
sensors from everyday materials. The 
conductive foam commonly used to 
hold CMOS components can double 
as a simple pressure sensor, since its 
top-to-bottom resistance decreases as 
the foam is pressed. A popular home- 
made moisture detector is a printed- 
circuit board with two interleaved but 
not touching copper traces. When the 
board is wet, water shorts together the 
isolated traces and changes the resis- 
tance between them from near-infinite 
to zero ohm. 

Some projects call for a specialized 
device that you just won’t find in the 
usual sources. While researching this 
article, I discovered a complete refer- 
ence for sensor sources in the Sensors 
Buyer’s Guide, published annually by 


Sensors magazine. The Guide lists 
more than 1 ,200 companies involved 
with sensors and indexes them accord- 
ing to property sensed, technology 
used, manufacturer and related prod- 
ucts and services. 

From the list of properties sensed, 
you can select the category that inter- 
ests you and consult a list of compa- 
nies that offer products in that area. 
For example, under Microwave Radi- 
ation six companies are listed, while 
under Carbon Monoxide, there are 64 
companies and under Temperature, 
hundreds of companies are listed. 

You can also locate companies ac- 
cording to the technologies their prod- 
ucts use: acoustic, bimetallic, Bour- 
don tube, and so on through zircon- 
ium oxide. 

For more information about a type 
of sensor, you can contact the compa- 
nies listed under the category in which 
it’s listed. Complete addresses and 
phone numbers are included. In addi- 
tion to basic product information and 
specifications, many companies pub- 
lish applications notes to help you use 
their sensors. 

Sensors magazine, subtitled The 
Journal of Machine Perception, is an- 
other useful resource. Each issue has 
research and development news, ap- 
plications articles by sensor users, 
new-product notes and my favorite, 
“Wish List,” which publishes reader 
requests for sensors to suit unusual or 
difficult tasks. 

Sensors is mailed free to qualified 
subscribers, who receive the buyer’s 
guide at no charge. The guide is avail- 
able to non-subscribers for $29.95 plus 
$2.50 for shipping in the U.S. (see the 
Sources list for where to write or call 
for more information). 

Many sensor companies specialize 
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Table 1. 

Properties of Some Sensors, Transducers and Detectors. 

Acceleration 

inductance 

Mass 

radioactivity 

linear 

microwave radiation 

Moisture 

x-ray 

rotational 

power 

Motion 

Smoke 

Acoustic emission 

radio frequency 

Opacity 

Solar 

Altitude 

resistance 

Particle 

Sound 

Chemical/gas 

resistivity 

Photoelectric 

intensity 

carbon dioxide 

voltage 

analog 

pressure 

carbon monoxide 

Energy 

interruptive 

Speed 

chlorine 

BTU/heat 

reflective 

Strain 

dissolved oxygen 

Fire 

Position 

compression 

hydrocarbons 

Flame 

absolute 

tension 

hydrogen 

Flow 

incremental 

Surface condition/defects 

hydrogen sulfide 

fluid 

relative 

Tactile 

ion selective electrodes 

gas 

linear 

Temperature 

NOx 

mass 

angular 

Thickness 

ORP-REDOX 

steam 

Pressure 

Tilt 

oxygen 

Force 

absolute 

Torque 

pH 

Hardness 

barometric 

Turbidity 

sulfur dioxide 

Humidity 

blood 

Velocity 

Color 

Ice 

differential 

angular 

Consistency 

Level 

fluid 

fluid 

Density 

fluid 

gas 

linear 

Distance 

slurry 

gauge 

Vibration 

Electrical 

solid 

vacuum 

Visibility 

capacitance 

Light 

Proximity 

Viscosity 

charge 

infrared 

Radiation 

Vision/image 

conductivity 

ultraviolet 

alpha 

Weight 

current 

visible 

beta 

Wind 

field strength 

Magnetic 

gamma 

direction 

frequency 

direction 

neutron 

speed 

impedance 

field strength 

proton 

(Courtesy of Sensors 1992 Buyer’s Guide.) 


in one product area. One company 
that offers sensors in many areas is 
Omega Engineering. It carries sensors 
for temperature, pH, conductivity, 
flow, level, pressure and strain. Ome- 
ga also publishes a set of handbooks 
that are actually catalogs with techni- 
cal references included. 

Choosing Sensors 

To select the right sensor for a job, you 
must first define what you want the 
sensor to do. From there, you can 
search for a sensor that meets your re- 
quirements. Following are some of the 
questions you’ll want to answer about 
your desired sensor. The answers in 
parentheses describe a temperature 
sensor needed for a temperature con- 
troller used in film processing: 

What property do I want to mea- 
sure? (temperature) 

What kind of output do I need — an- 
alog, digital, voltage, current, etc.? 
(eight-bit digital output would be 
ideal, but analog voltage or current 
output is okay) 


What range of inputs do I need to 
measure? (60 ° to 1 1 0 ° F) 

What power supplies are available 
to power the sensor? ( + 12 volts, + 5 
volts) 

What resolution and accuracy do I 
need? (accurate to within 0.5° F) 
How fast must it respond to input 
changes? (quick response not critical 
for this application) 

Only when you’ve satisfactorily an- 
swered such questions, you’re pre- 
pared to make your selection. 

Working With Analog Signals 

The outputs of most sensors are ana- 
log voltages, currents or other quan- 
tities that vary continuously between 
limits. An output may range from 0 to 
1 volt, 0 to 100 milliamperes or within 
some other range, depending on the 
sensor. This presents a problem for 
microcomputer interfacing, since 
computers are digital devices that ac- 
knowledge only two voltage levels, 
high and low. To interface a sensor to 
a microcomputer, its analog output 


must be translated to a digital form 
that the computer can understand. 

Sometimes this is easily done. Some 
integrated sensors contain their own 
analog-to-digital (A/D) converters, 
saving you the trouble of providing 
them. Some microcontrollers also 
contain their own A/D converters. 
Probably the best known of these is 
Motorola’s 68HC11, which can di- 
rectly measure voltages at eight 0- to 
5-volt analog inputs. Using devices 
like these will simplify your circuit 
designs. 

If none of these solutions is feasible, 
a separate A/D converter can inter- 
face a sensor’s output to a microcom- 
puter’s inputs. All kinds of converter 
chips are available with varying reso- 
lution, accuracy, speed, method of 
conversion, number of analog inputs, 
and so on. One example is National 
Semiconductor’s ADC0848, which is 
an easy-to-use, low-cost, general-pur- 
pose, eight-channel A/D converter. 

In many ways, the ADC0848 is sim- 
ilar to National’s long-popular ADC- 
0809 A/D converter, but with some 
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Fig. I.The ADC0848 analog-to-digital converter measures up to eight analog inputs and is easily interfaced to an 8031 or 
other microcontroller. (External memory, address latches and other components not used by the ADC0848 are not shown.) 


advantages. The ADC0848 doesn’t re- 
quire an external clock, its control 
signals interface directly to many mi- 
crocontrollers and it’s faster, with a 
typical conversion time of 30 micro- 
seconds. The ADC0848 is available 
from Digi-Key and other sources. 

Figure 2 shows a circuit in which an 
ADC0848 interfaced to an 8031 mi- 
crocontroller. The connections are 
similar to those used for memory 
chips. The converter’s RD and WR in- 
puts are driven by the matching out- 
puts on the 803 1 , cs is driven by an ad- 
dress decoder’s output, and dbo 
through DB7 connect to ADO through 
AD7 on the 8031. 

Up to eight analog inputs can con- 
nect to pins 2 through 9 on the ADC- 
0848. The potential at Vref determines 
the converter’s full-scale voltage, 
which is the input that results in an 
output of 1 1 1 1 1 1 1 1 , or 255 in decimal. 
For maximum range, connect Vref to 


the + 5-volt supply or to a more-pre- 
cise 5-volt reference like an LM336-5 .0 
reference diode. The analog inputs can 
then range from 0 to + 5 volts. 

If your sensor’s output is much less 
than 5 volts, you can connect Vref to a 
voltage slightly greater than the max- 
imum voltage you expect to measure. 
This will give you more precise read- 
ings than you would get with a 5-volt 
reference. 

To illustrate, consider a sensor 
whose output ranges from 0 to 0.5 
volt. The eight-bit digital output of the 
converter represents a number from 0 
to 255. If Vref is 5 volts, each count 
equals 5/255, or 19.6 mV. A 0.2-volt 
analog input results in a count of 10, 
while a 0.5-volt input results in a count 
of 26. If your input goes no higher 
than 0. 5 volt, your count will never go 
higher than 26, and the measured 
values will be accurate to within only 
20 mV, or 1/255 of full-scale. 


However, if you adjust Vref down 
to 0.5 volt, each count now equals 
0.5/255, or 2 mV. A 0.2-volt input 
gives a count of 102, a 0.5-volt input 
gives a count of 255 and the measured 
values are accurate to within 2 mV (ig- 
noring other sources of error for now). 

Layout of ground wires or traces is 
important in circuits that mix analog 
and digital circuits. The rapid switch- 
ing of digital circuits can cause spikes 
in the ground lines, and these can 
cause errors in analog measurements. 
You can minimize the problem by pro- 
viding separate ground paths for an- 
alog and digital signals. The two 
grounds should connect at only one 
point, and this as near the power sup- 
ply as possible. 

In Fig. 3, this means that agnd and 
any ground connections related to the 
analog inputs or Vref follow one path, 
while DGND and other grounds for 
logic, computer, or memory chips fol- 
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Fig. 2. Three measurement modes avail- 
able with the ADC0848 converter: (A) 
single-ended, (B) differential and (C) 
pseudo-differential. 


low a different path. The two paths 
meet only at the power supply. Notice 
that the schematic diagram uses differ- 
ent ground symbols for the two signal 
paths. 

Measuring Modes 

To allow for different circuit require- 
ments, the ADC0848 offers a choice 
of three software-selectable modes of 
operation: single-ended, differential 
and pseudo-differential. Fig. 2 illus- 
trates this. 


In single-ended mode, each analog 
input is referenced to AGND. This is 
the simplest mode and will work fine 
for many applications. 

The other modes are useful for 
more-critical measurements, where 
you must reject background noise of 
offset voltages and measure only the 
sensor’s responseto a desired proper- 
ty. In differential mode, each channel 
is paired with an adjacent one, with 
the voltage on one channel referenced 
to the voltage on the other. 

For example, you could connect an 
output from a sensor to Channel 2 and 
a ground or other reference from that 
sensor to Channel 1 . With differential 
mode selected, Channel 1 will read the 
difference between Channel l’s and 
Channel 2’s voltage. This mode can- 
cels out errors due to noise, such as 
60-cycle interference, that’s common 
to both channels in the pair. 

The final mode of operation is pseu- 
do-differential. In this mode, Chan- 
nels 1 through 7 are all referenced to 
Channel 8. This allows you to make 
seven differential measurements, all 
with the same reference. This mode is 
useful if you’re measuring multiple 
channels in the same location. 

To begin a conversion on the ADC- 
0848, the microcontroller writes to the 
converter to indicate the desired chan- 
nel and mode. Bits 0, 1 and 2 specify 
the channel (000 = 1,001 = 2,010 = 
3, etc.), and bits 3 and 4 specify mode 
of operation (00 = differential, 01 = 
single-ended, 11 = pseudo differen- 
tial). For example, in the Fig. 1 circuit, 
to begin a single-ended conversion at 
Channel 5, you’d write 0000 1101 
(ODh in hex) to the converter’s address 
in external memory. If pin 23 df the 
converter connects to pin 7 of the ’ 1 38 
decoder, the converter’s address is 
EOOOh. 

After writing to the converter, the 
conversion is triggered automatically. 
When conversion is complete, a - ead 
operation to the converter’s address 
causes the the converted value to ap- 
pear at dbo through DB7, where the 
microcontroller reads it. 

The INTR pin indicates when a con- 
version is complete and can be used to 
trigger a read. INTR is low when a con- 
version has occurred that hasn’i yet 
been read. It goes high after a read and 
remains high until the next conversion 
is completed. 

Y ou can connect INTR to an inter- 


rupt pin on the microcontroller and 
write a routine to cause the microcon- 
troller to read the converter when an 
interrupt occurs. Or you can connect 
INTR to a port pin that you read to en- 
sure that it’s low before reading a 
value, or you can ignore INTR and just 
be sure to wait the maximum conver- 
sion time of 60 microseconds before 
reading a value. 

National’s Linear Data Acquisition 
Databook (also available from Digi- 
Key) has complete specifications, ap- 
plications information, and example 
circuits for the ADC0848. You’ll want 
this or a copy of the IC’s data sheet if 
you plan to use the chip . Another good 
information source is National’s Lin- 
ear Applications Databook. 

Choosing a Converter 

In addition to the ADC0848, there are 
hundreds of A/D chips offered by 
dozens of manufacturers; so you 
should be able to find precisely what 
you need. Following are some of the 
questions to ask when choosing an 
A/D converter. Example answers in 
parentheses describe the ADC0848, 
using information from its data sheet. 

What’s the analog input range? (0 
to V + ) 

How many channels are there? 
(eight) 

What’s the converter’s resolution? 
(eight bits) 

How fast is the conversion? (30 mi- 
croseconds typical) 

How accurate is the conversion? 
(± 1 LSB, !/ 2 -LSB version available, 
where LSB is least-significant bit) 

What are the power-supply require- 
ments and power consumption? 

( + 4.5 to +6 volts at 15 mW) 

What input modes are available? 
(single-ended, differential, pseudo- 
differential) 

How is the converter controlled and 
interfaced? (control signals are RD, wr 
and CS) 

Are there any special features on- 
chip, such as sample-and-hold, volt- 
age reference, etc.? (an internal clock 
times the conversions) 

What package types are available? 
(24-pin skinny DIP and 28-pin chip 
carrier) 

An additional component you may 
need for rapidly changing analog in- 
puts is a sample-and-hold circuit. To 
ensure correct conversions, the analog 
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Fig. 3. The LM331 takes adifferent approach to A/D conversion by converting an 
analog voltage into a frequency that a microcontroller can measure at a single 
input pin. 


input mustn’t change in value while 
conversion is taking place. 

A sample-and-hold circuit ensures 
that the analog signal is stable by sam- 
pling the signal at the desired measure- 
ment time and storing it, usually as a 
charge on a capacitor. This stored 
signal is used as the input to the A/D 
converter. 

When do you need sample-and- 
hold? The ADC0848 requires 60 fis or 
less to convert; so you should have no 
problem with inputs that don’t vary in 
this amount of time. When a rapidly- 
changing input does require one, sam- 
ple-and-hold ICs like the LF398 are 
available, or you can use a converter 
like the ADC0820, which has an on- 
chip sample-and-hold. 

A Different Approach 

Not all microcontroller circuits have 
external memory space available for 
use by an A/D converter. In some de- 
signs, the microcontroller stores its 
program on-chip, with only a limited 
series of port pins for access to other 
components. In this situation, you 


could connect an A/D converter’s 
data and control lines to port pins on 
the microcontroller if enough are 
available. Using an A/D converter 
that outputs binary numbers in serial 
format is another option. 

Another method takes a different 
approach and requires only one port 
pin per channel. Instead of converting 
the analog voltage into a binary num- 
ber, you convert the voltage into a 
square (or rectangular) wave whose 
frequency varies with the voltage. Fig- 
ure 3 shows such a circuit, using Na- 
tional Semiconductor’s LM331 preci- 
sion voltage-to-frequency converter. 

You can connect the output of the 
LM331 (Fout) to a microcontroller 
port pin and program the microcon- 
troller to measure the period or fre- 
quency of the signal using on-chip 
timer/counters. An added advantage 
of this method is that the frequency 
output can be transmitted over dis- 
tance with greater noise immunity 
than an analog voltage. 

To measure frequency, one of the 
microcontroller’s timers is pro- 
grammed to run for a specific period, 


such as 1 second. During this period, 
the microcontroller counts pulses at 
Fout. After 1 second, the count equals 
the signal’s frequency. Since the fre- 
quency is proportional to Vin, you 
have, in effect, measured the voltage. 

An alternative is to measure Fout’s 
period. With this method, a counter 
is triggered on and then off when pre- 
defined signals (such as a falling edge) 
occur at Fout. The resulting count is 
proportional to Fout’s period, or 1/ 
frequency. If a 1-MHz counter is 
turned on for one cycle of Fout, its 
count will equal Fout’s period in mi- 
croseconds. 

If you plan to use this type of con- 
verter, make sure your microcontrol- 
ler and control program are fast 
enough to measure the converter’s 
output frequency without missing any 
counts. The lower the output frequen- 
cy, the easier it will be to count. Some 
versions of Intel’s Embedded Applica- 
tions Handbook ( 1 989, 1 990) contain 
article reprint No. AR-517, “Using 
the 8051 Microcontroller with Reso- 
nant Transducers,” that describes in 
detail how to measure period and fre- 
quency with the 8051 (and other mi- 
crocontrollers) and what kinds of 
things to watch out for. (See Intel’s 
new free Handbook Directory for a 
list of applications notes contained in 
current handbooks.) 

National’s Linear Data Acquisition 
Databook has more on the LM33 1 , in- 
cluding example light-to-frequency 
and temperature-to-frequency con- 
verter circuits. 

Level Translating 

Not every sensor has an output that’s 
usable as-is. If a sensor’s output 
ranges from + 12 volts to - 12 volts 
and your A/D converter operates at 
-I- 5 volts, you must shrink the signal’s 
range and shift its level to be compati- 
ble with the converter. 

Figure 4 shows a circuit that can am- 
plify or reduce an input and can also 
raise or lower signal levels by adding 
or subtracting a voltage. Separate, in- 
dependent adjustments control gain 
and offset. The circuit is a series of 
three op amps: buffer, level shifter 
and amplifier. The example circuit is 
designed with three of the devices in 
an LF347 quad JFET-input op amp, 
selected for its high input impedance 
and high speed. 
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The first op amp is a noninverting 
amplifier with VI equal to Vin. The 
op amp presents a high-impedance in- 
put to Vin, to minimize loading. 

The second op amp is an inverting 
summing amplifier that shifts V2’s 
voltage up or down as R5 is adjusted. 
Adjusting R5 raises and lowers V2, 
but V2’s shape and peak-to-peak am- 
plitude remain constant. 

The third op amp is an inverting am- 
plifier whose gain is adjusted by R4. 
This amplifier increases or decreases 
the peak-to-peak amplitude of its in- 
put. If Vin varies from + 12 to - 12 
volts, you can adjust R4 for a ± 2.5- 
volt swing at Vout and then adjust R5 
to raise Vout to achieve the desired 
0-to-5-volt swing. 

Resistor R4 can increase gain as well 
as decrease it. To shift a signal down 
instead of up, connect R5 to V 4- in- 
stead ofV-.Ifno level shifting is re- 
quired, remove R5 and connect pin 6 
only to Rl. 

Data-Acquisition 
Chip and Software 

In preparing this article, I wrote sam- 
ple programs using Systronix’s BCI51 


BASIC compiler ($299) for the 8051 
family. In many ways, BCI51 is simi- 
lar to, and compatible with, the BA- 
SIC-52 interpreter contained in the 
8052AH-BASIC chip. But because 
BCI51 is a compiler, it creates pro- 
grams that can run on their own, with- 
out requiring BASIC-52 in memory. 

Because the syntax of the two BA- 
SICS is similar, you can test your code 
with BASIC-52’s interactive inter- 
preter, then compile it into executable 
form. You can also use BASIC-52 as 
a monitor program for loading and 
debugging your compiled programs. 

According to Systronix, BCI51 in- 
structions typically execute 20% to 
50% faster than their equivalents in 
BASIC-52. Along with the compiler, 
you get a stand-alone 805 1 assembler 
and utility and sample programs. 

Because BCI51 doesn’t limit you to 
the 8052AH-B ASIC chip, you can de- 
velop programs for other members of 
the 8051 family. In fact, Systronix of- 
fers an optional set of BCI5 1 language 
extensions ($ 1 49) for Dallas Semicon- 
ductor’s DS5000 805 1 -compatible mi- 
crocontroller. 

Since Dallas Semiconductor spe- 
cializes in nonvolatile, battery-backed 
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Example application: 



Fig. 4. This circuit adjusts the gain and offset of an analog signal to make it com- 
patible with an A/D converter's input. 
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BIG PROFITS IN 
VIDEO REPAIR! 
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-NO EXPERIENCE NECESSARY - 
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mechanical ability ard si desire to learn 



With the tens of millions of VCRs and 
Camcorders in use, there currently is a serious 
shortage of trained techs to perform cleaning 
and repair jobs on these popular 
devices... Learn how you can sta* 
your own highly profitable, 

Home-Based video servicing 
business... 

And since up to 95% 
of all VCR and 
Camcorder 
malfunctions are 
due to a simple 
mechanical or 
ek c tro-meclnmica l 
failure, you need not spend 
months or even years of 
complicated study before 
stan mg paid, professional 
service work! 
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Let Viejo's Training Program show you how ! 

1 - 800 - 537-0589 

24 HRS-7days a week 
or mail coupon today! 
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VIEJO PUBLICATIONS, INC. 

4470-107 Sunset Blvti., Suite 600 
Los Angeles, CA 90027 
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□ VCR Repair 
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□ Advanced VCR Repair 
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Sources 


ADS-2 

AUTOMOTIVE 
DIAGNOSTIC CODE 

ANALYZER 

Three easy steps to 
communication with your 
Ford: 

• PlugtheADS-2intoyourPC’s XT slot. 

• Connect the leads to your Ford. 

• The ADS-2 software will display the 
EEC-IV codes being received and 
translate them into english. 

Your ADS-2 comes with the ADS-2 PC 

board, connectors, easy to use software 

and a detailed user's guide.Cost is $98. 

(GM, Chrysler upgrades available soon.) 


oi^ES^ (409)776-6370 

Check • Money order * C.O.O. 
131 Ridgeway • Coleg© Station • TX 77845 
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Over_LAZ 

Custom Letterheads 
for WordPerfect 5.0/5. 1 

Print your own letterhead from WP 5.0/ 
5.1 automatically on your HP LaserJet 
II or compatible printer. Choose from 
a wide variety of fonts and styles. We 
can also add your corporate logo at 
no extra charge. Includes over 75 
Over_LAZ office forms, rubber stamps 
and page borders. Call, write or FAX 
for samples and details. 

Only $25 (US). $29 (CDN). + $2 p&h. 
Check, money order or VISA. 

Herne Data Systems Ltd.. Box 250 
Tiverton. ON. CANADA. NOG 2T0 

Voice or FAX (519) 366-2732 
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DOS IN ROM! 

Tired of waiting for the 
Prompt? Speed up with an 
MVS ROM Drive. Boot 
Instantly I Also used for 
Diskless Workstations and 
Embedded control. Easy 
to Install half-size card. 

64k $95 $f%r- 

aeok $200 yh 

1.44m $300 

PROM Programmer $05 

MerrlmackValleySystems [ Hua 

Box 850 MerrlmacicNH ? . M V S 

Phone: (508) 792 9507 I* m u 


8088 SBC *95 


WORLDS SMALLEST PC I 
robots-alarms-datalog 
3 Easy Steps: 

1 . Develop, debug on PC 

2. Download, test In SBC 

3. Bum PROM, stand alone 
-LCD port -3 ser 2 par 
-Keyboard In -PC bus 
-Battery or 5v -BIOS option 
-Real Tm Clk -LED display 
Use Turbo C, BASIC, MASM 


All Electronics Corp. 

P.O. Box 567 

Van Nuys, CA 91408-0567 

Tel.: 1-800-826-5432, fax: 818-781-2653 

Binary Technology 

Main St. 

P.O. Box 67 
Meriden, NH 03770 
603-469-3232 
Fax: 603-469-3530 


Dallas Semiconductor 

4350 South Beltwood Pkwy. 
Dallas, TX 75244-3292 
Tel.: 214-450-0400, Orders: 1-800- 
336-6933 


Digi-Key Corp. 

701 Brooks Ave. S. 

P.O. Box 677 

Thief River Falls, MN 56701-0677 
Tel.: 1-800-344-4539 


Intel Corp. 

3065 Bowers Ave. 

Santa Clara, CA 95051 
408-765-8080 

Tel.: 1-800-548-4725 for literature 

Omega Engineering 

One Omega Dr. 

Box 4047 

Stamford, CT 06907 

Tel.: 1-800-826-6342, fax: 203-359-7700 

Sensors Magazine 

Helmers Publishing, Inc. 

174 Concord St. 

P.O. Box 874 

Peterborough, NH 03458-0874 
Tel.: 603-924-9631 

Systronix, Inc. 

754 E. Roosevelt Ave. 

P.O. Box 526398 

Salt Lake City, UT 84152-6398 

Tel.: 801-487-7412, fax: 801-487-3130 


RAM, it's not surprising that their 
DS5000 contains 8K or 32K of nonvol- 
atile RAM that can be used for pro- 
gram or data storage. Other chip fea- 
tures include a power-fail warning and 
automatic power-down, encryption 
logic to protect unauthorized reading 
of RAM and an optional real-time 
clock/calendar. Dallas’ DS5000 Soft 
Microcontroller Users Guide has more 
details about the chip. 

The BCI5 1 extensions allow easy ac- 
cess to the added features, including 
variables for the clock/calendar and 
commands for custom power-up and 
reset options. 

A development kit from Dallas (No. 
DS5000TK, $160) includes a DS5000T 
with 32K of RAM, hardware for 
downloading software from a serial 
port to the DS5000, IBM-software for 
IBM compatibles, documentation and 
a users guide. 

The DS5000, along with the BCI5 1 
compiler, is especially suited for por- 
table data-acquisition systems, where 
sensor readings are taken periodical- 
ly and stored in memory, perhaps 
along with the time and date. Many 
other uses are also possible, of course. 
Contact Systronix and Dallas Semi- 
conductor for more on these products. 
Binary Technology is another source 
for 8051 BASIC compilers. 

And a final note for anyone who is 


interested in digital signal processing: 
Motorola has a new 68HC16 Tool Kit 
that includes an evaluation board, 
software, guide to digital signal pro- 
cessing and a kit for building a fre- 
quency analyzer. Price is $168.16. 
Contact your Motorola distributor or 
call 1-800-521-6274 to locate a distri- 
butor in your area. 

Next time, we’ll discuss how timing 
diagrams can help you design micro- 
computer circuits that work and fix 
ones that don’t. 

Send your comments, suggestions and 
questions on topics relating to design- 
ing , building and programming mi- 
crocontrollers and other small dedi- 
cated computers to Jan Axelson, 
ComputerCraft, 76 TV. Broadway , 
Hicksville , NY 11801. For a personal 
reply , please include a self-addressed, 
stamped envelope. ■ 


Jan Axelson 
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Applications By Tom Carlton 


Windows & OS/2 Conference 

A glimpse at what’s churning for the corporate world 



T his third anual winter session met 
for three days in San Jose, Cali- 
fornia, on January 28, 29 and 30. 
Showing an increased acceptance by 
Fortune- 1 ,000 companies, the theme 
was “Map Your Corporate Migration 
Path Into The 1990s.” Several thou- 
sand people attended, getting the 
latest in corporate strategies presented 
by industry leaders from IBM, Micro- 
soft, Borland and others. 

The main conference targeted the 
corporate environment and was divid- 
ed into three sections: Conferences, 
Fast Tracks and Exhibits. All three of- 
fered something for everyone and 
much more information — and tech- 
nobabble — than anyone could possi- 
bly absorb. 

Topics ranged from Windows and 
OS/2 training issues to pen-based sys- 
tems, font technologies (including 
Windows 3.1 on-the-fly font scaling 
T rueT ype technology) to groupware, 
LAN/WAN strategies to mission-crit- 
ical database front ends, principles of 
software design, including OOP (Ob- 
ject Oriented Programming), to mul- 
timedia desktop video and in-house 
development of CD-ROMs. With the 
big guns adding Windows and OS/2 
to their arsenals, the desktop will sure- 
ly become a much richer graphical en- 
vironment over the next few years. 

Until this happens, however, that 
oP DOS prompt will keep peeking 
through. This could be seen time and 
again when industry experts scram- 
bled to boot a copy of XTree or their 
favorite DOS file manager or reboot- 
ed Windows after a fearful UAE. 
Even Philippe Kahn, President/CEO 
of Borland, prophylactically rebooted 
Windows while giving sneak previews 
of Quattro Pro and Paradox for 
Windows. 

The corporate mobs heard about 
BLOBs. Mr. Kahn introduced BLOBs, 
which are binary large objects such as 
images, video, graphics, audio infor- 
mation (voice), satellite signals, 


CAD/CAM objects and intelligent 
documents. Sounds like multimedia to 
me. Managing these BLOBs requires 
new database management tools and 
increased capabilities of client/server 
technologies to acquire, compress, 
store and transfer these huge chunks 
of data. These new tools will be fun- 
damental to this evolving integration 
of telephone, television, video and im- 
aged documents. 

To this end, Borland’s CEO pre- 
sented a beta version of Paradox for 
Windows , with a new level of object 
management. Incorporating BLOBs 
directly into a table in Paradox was a 
real crowd-pleaser. Then playing back 
full-motion video BLOBs in a window 
brought another round of applause. 
You could see Borland’s modular — 
“Lego-like” — developer’s tools like 
Object Vision and Turbo C+ 4 - blend- 
ing right into the functionality of their 
application products. 

Windows developers are playing 
catch-up to products like Blyth Soft- 
ware’s Omnis 7 that works with Ap- 
ple’s QuickTime multimedia operat- 
ing-system extensions, allowing users 
to add “movie” files to databases. 


QuickTime provides a standard meth- 
od for compressing/decompressing, 
cutting, copying, pasting and display- 
ing multimedia data. Microsoft’s new 
Multimedia PC (MPC) extensions at- 
tempt to address those capabilities and 
will probably evolve to be compatible 
with QuickTime . 

Still lacking are the ability to effec- 
tively move behemoth mounds of mul- 
timedia data in Windows and industry 
standards for data compression/de- 
compression methods for the PC. 
Microsoft’s forthcoming enhance- 
ments to its MPC extensions will sup- 
port digital video to compete more ef- 
fectively with Apple’s QuickTime for 
the Macintosh . Microsoft says that its 
Audio Video Interleaved (AVI) soft- 
ware will provide an interim solution 
until Moving Pictures Experts Group 
(MPEG) compression, which allows 
for full-motion video, is available. 

Faced with these new demands for 
managing multimedia data, users have 
yet to decide what operating system 
will meet the fundamental require- 
ments of this integrated data environ- 
ment in a complex corporate world. 
Their options were being displayed 
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like salvos on the battlefields of the 
conference rooms and on the exhibi- 
tion floor. 

NT or OS/2? 

To address these evolving needs, 
Microsoft and IBM duked it out on 
the exhibition floor for the best 
operating system. Microsoft present- 
ed a beta Win 3 . 1 and alpha NT , while 
IBM showed OS/2 1.31 and a beta ver- 
sion of OS/2 2.0. 

Microsoft’s emphasis on NT ( New 
Technology ), combined with interim 
solutions using Win 3.1, attempted to 
out-flank IBM’s efforts to convince 
users that OS/2 2.0 is the future for 
32-bit computing in the corporate en- 
vironment. While dozens of IBM em- 
ployees wore blue and white buttons 
reading “I Want OS/2,” an appre- 
hension by others suggested it should 
read “Oh Yes/Too.” Still others won- 
dered if NT would really be MT. 

Giving credence to NT, industry ex- 
perts, like Technology Investment 
Strategy Corp. (TISC), project that 
OS/2 2.0 will be dominated in the 
market by Windows TVTbecause OS/2 
won’t be able to compete against Win- 
dows* huge installed base, not because 
NT will be a better operating system. 
Consequently, the battle is on for tech- 
nohegemony. 

IBM says OS/2 is better because it 
runs multiple DOS sessions and Win- 
dows applications better than Win- 
dows, as well as OS/2 applications. 
Microsoft says, “So what, with the ex- 
ception of running OS/2 applications, 
Win 3.1 does the same.” And on the 
exhibition floor, “so what” prevailed. 
Vendors demonstrated hundreds of 
Windows applications/development 
tools, compared to a few dozen OS/2 
products, most of which were avail- 
able for Windows . If this is any indica- 
tion, finding a compelling reason to 
switch to OS/2 2.0 may be a difficult 
task for many people. 

Networking is the other important 
factor determining the ultimate win- 
ner in the corporate setting. Since 
OS/2 is commonly used for network- 
ing (even Microsoft’s LAN Manager 
runs under OS/2), NT must tackle this 
task. So in addition to being fully port- 
able, Microsoft says NT will have pre- 
emptive thread-based multitasking 
and will include many basic network- 


ing functions, such as messaging, di- 
rectory services, database access, sym- 
metric multi-processing, fault toler- 
ance and network security. Since Win- 
dows is popular as a front-end in cli- 
ent/server systems, and would be able 
to run on servers, this will ease devel- 
opment efforts, further adding mus- 
cle to Microsoft’s installed-base 
strangle-hold. 

NT appears on a steady develop- 
ment path. Early reports indicate that 
developers are having a smooth tran- 
sition with efforts to port existing 
Windows applications to NT . 

One way or the other, a 32-bit op- 
erating system is just around the cor- 
ner. Not only does 32-bit code run 
faster than 16-bit code, but it also 
allows direct access to larger amounts 
of memory. And the neotenic trans- 
formation of intelligence — replacing 
DOS’s brain-dead limitation of 64K 
segments with gargantuan segments as 
large as 4 gigabytes — lays the founda- 
tion for memory management that 
brings us a much more mature and so- 
phisticated desktop computing 
environment. 

To take full advantage of this, most 
of us will need new EISA/MCA buses 
and I/O cards, as well as a minimum 
of 8M of RAM . And if history is our 
guide, minimums are stifling. We’ll 
probably need 32M of RAM for effi- 
cient computing. By all appearances, 
the 286 is heading south. If NT is in 
your future, then the 286 isn’t. In fact, 
already, the new Windows Multime- 
dia PC (MPC) standard was revised, 
requiring as minimum a 386/SX. So 
your games and entertainment now re- 
quire a 32-bit processor. 

On the Sidelines 

For those keenly interested in making 
history today, pre-conference tutori- 
als offered all-day sessions on optimiz- 
ing Windows , networking, OLE and 
DDE, and VisualBasic . While the Fast 
Tracks program provided three days 
of tips and tricks for installing and 
configuring Windows , programming 
in WordBASIC , programming for 
non-programmers and developing tra- 
ditional business and multimedia pre- 
sentations. 

Sampling as many sessions as possi- 
ble, I stayed for the full course of 
WordBASIC , a macro language in 


Word for Windows . I’m impressed. 
Similar to VisualBasic , users of Word- 
BASIC can write programs without a 
compiler. All WinWord’s pull-down 
menu commands are available for 
writing a script. You take control of 
WinWord at the system, global and 
template levels. Creating interactive 
word-processing documents expands 
WinWord to a developer’s tool. In 
fact, Microsoft WordBA SIC develop- 
ment team (800-227-4679) will assist 
you with a Developer’s Resource Kit, 
lots of information about resources 
and put you in contact with several 
leading developers. Check out the 
MSAPP forum on CompuServe, 
where Library 12 (Lib 12) offers Key- 
WordHacker. 


Oh Yes, Too 

More than a hundred technoevange- 
lists (vendors) hawked their wares to 
the thousands of attendees. There 
were no big surprises, but many inter- 
esting products were well-received. I’ll 
mention a few new or interesting prod- 
ucts that caught my eye. 

Unless you like watching paint dry, 
Windows users need industrial- 
strength processing power to obtain 
satisfactory video performance, 
which means raw CPU power or 
graphics accelerator boards. 

Accelerator boards abound, most 
using either Sierra Semiconductor’s S3 
chip or Texas Instruments’ TMS340X0 
chips . Hercules, rising from the ashes 
like a Phoenix, offers a new line of im- 
pressive boards. Its high-end 1,280 x 
1,024 SUPERSTATION 3D board, 
using a fully programmable 32-bit 
TMS34020 chip equipped with 15 dis- 
play formats and 16-million colors, 
offers blazing colors and an optional 
64-bit i860 RISC processor. 

Effectively exploiting these new 
graphical technologies means corpor- 
ate and government users need the 
ability to edit documents in electronic 
form and to develop interactive appli- 
cations for the service and education 
industries. 

Radius Inc. offers one solution for 
document management with its Full 
Page Pivot color monitor, which dis- 
plays a full 8/1" x 11" document. The 
pivot feature results from a special 
graphics card that permits 90° rota- 
tion for landscape mode. Therefore, 
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(Complete with Schematic & PCB Editor) 
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*PCB LAYOUT SERVICE AT 
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1771 State Highway 34, Farmingdale, NJ 07727 
(908) 681-7700 • (908) 681-8733 (FAX) 

“DC/CAD . . . The focal point of future CAD market” 
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LIFE FORCE TECHD0L0GY 
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A FrameMakerscreen with selected page in main window, available files and sam- 
ples of pages in secondary windows. 


it addresses the need for word process- 
ing in portrait mode and using spread- 
sheets in landscape mode. 

Touch screens are popping-up in ki- 
osk applications from airline termi- 
nals to franchised carpet stores. With 
a touch of a finger, Elographics emu- 
lates a mouse with a complete line of 
touch-screen monitors and upgrade 
kits that are compatible with Windows 
and OS/2 environments. 

The new kid on the desktop publish- 
ing block is FrameMaker . This top- 
notch workstation program was port- 
ed to Windows. Unlike most desktop- 
publishing and word-processing pro- 
grams, FrameMaker offers condi- 
tional text and automatic table genera- 
tion. Conditional text allows users to 
create several versions of the same 
document with one file, specifying 
which sections of text and graphics 
will change. It also features integrated 
support for Desktop Color Separation 
(DCS) graphics. If you create large, 
complex technical documents, espe- 
cially on a network, you may find a 
new friend in FrameMaker . 

Perhaps the most noticeable group 
of exhibitors offered Windows and 
OS/2 development tools. While with- 
in this group many OOP tool kits were 
notable, procedural languages ap- 
peared dominant. 


More powerful than Borland’s Ob- 
ject Vision, though not designed for 
novice users, Expert-Ease Systems 
Inc’s Guild lets you build interactive 
graphical interfaces for new and exist- 
ing C applications. Blue Sky Software 
Corp.’s WindowsMaker Professional 
can be used as a back-end C code gen- 
erator and as a graphical front-end for 
creating user interfaces. Pilot Execu- 
tive Software Inc’s Lightship allows 
users to build their own data-driven 
executive information systems (EIS). 
PowerSoft Corp’s PowerBuilder per- 
mits users to create database front- 
ends for client/server applications. 
Offering Structured Query Language 
programming tools, PowerBuilder 
lets users create fully event-driven 
database front-ends that are indepen- 
dent of the interfaces of the existing 
database packages with which they are 
and that run as native Windows 
applications. 

With the smoke cleared away, the 
mirrors and hyperbolists back in the 
closets, you could clearly see battle 
lines were drawn while large numbers 
of people placed their bets and others 
calculated their odds. And one thing 
is for sure: history is in the making. 
The graphical user interface (GUI) has 
moved swiftly and forcefully into the 
PC environment. ■ 
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Application By Tom Fox 


Experimenting With 
Motorola’s MC68HC1 1 True 
Single-Chip Computer 

Part 5 

Using the BUFFALO Monitor and MAG-1 1 to produce 
an inexpensive single-chip MC68HC1 1 system 



I n previous installments of this 
series, we’ve discussed the MC- 
68HC11 true single-chip microcom- 
puter, details for building a basic SBC 
computer and an optional battery- 
power system with Logic Monitor. 
Last month, we also briefly explored 
how to use the BUFFALO monitor 
that makes possible an almost unlim- 
ited variety of uses for the MAG-1 1 
SBC. This time around, we go into 
more detail on using the BUFFALO 
monitor. 

Getting Better Acquainted 

The ASM (line assembler/disassem- 
bler) will be the primary command 
you use when working with the BUF- 
FALO monitor. ASM makes it a snap 
to try out simple programs and can be 
used for the most complex program 
you can devise. Be aware, though, that 
a sophisticated cross-assembler can 
save you time. 

One ASM feature allows you to put 
a program into internal EEPROM as 
quickly and cleanly as you can in 
RAM . Except for the fact that the pro- 
gram in EEPROM remains long after 
power has been removed, it’s virtual- 
ly impossible for you to detect that 
EEPROM and not RAM is being 
used. And because internal EEPROM 
is located from $B600 to $B7FF, you 
know when you write to these ad- 
dresses you’re writing to EEPROM. 

Keep in mind another feature when 
using BUFFALO with MAG-11. 
When position 1 of S2 is set to ON, 


BUFFALO jumps directly to 
EEPROM so that the program in 
EEPROM starts automatically. 

The source code for the line assem- 
bler is extensive. The following starts 
the line assembler, disassembles op- 
code at <addr> and then allows you 
to enter a line for assembly: ASM 
< ADDRESS ><CR> 

Keep in mind the following rules for 
assembly: 

(1) All arguments are in hexadeci- 
mal. Do m^keyinthe“$” prefix; it’s 
included here only as a reminder that 
arguments are expressed in hexadeci- 
mal format. 


(2) The 4 (pound symbol) prefix 
indicates immediate addressing. 

(3) The (comma) indicates in- 
dexed addressing and requires the next 
character to be X or Y. 

(4) Separate arguments by one or 
more spaces or tabs. 

(5) Any input after the required 
number of arguments is ignored. 

(6) Upper- and lower-case are treat- 
ed identically. 

The following commands are avail- 
able to signify the end of an input line: 

< cr > — Finds the next opcode for 
assembly. If there is no assembly in- 
put, the next opcode disassembled is 
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j >ASM 

B600 

B600 <CR> 

STX $FFFF 

> 

CLRA <CR> 

B60 1 

4F 

STX $FFFF 

> 

STAA 7000 <CR> 

B604 

B7 70 00 
STX $FFFF 

> 

STAA 7001 <CR> 

B607 

B7 70 01 
STX $FFFF 

> 

STAA 7002 <CR> 

B60A 

B7 70 02 
STX $FFFF 

> 

STAA 7003 <CR> 

B60D 

B7 70 03 
STX $FFFF 

> 

STAA 7004 <CR> 

B610 

B7 70 04 
STX $FFFF 

> 

STAA 7005 <CR> 

B613 

B7 70 05 
STX $FFFF 

> 

STAA 7006 <CR> 

B616 

B7 70 06 
STX $FFFF 

> 

STAA 7007 <CR> 

B619 

B7 70 07 
STX $FFFF 

> 

LDX #3000<CR> 

B61C 

CE 30 00 
STX $FFFF 

> 

DEX<CR> 

B61D 

09 

STX $FFFF 

> 

BNE B61C<CR> 

B61F 

2 6 FD 

STX $FFFF 

> 

COMA<CR3> 

B620 

43 

STX $FFFF 

> 

BRA B601<CR> 

B622 

> 

20 DF 

STX $FFFF 

> 

• 


Fig. 12 . BUFFALO displays this listing after start-up if nothing is programmed 
into EEPROM. 


retrieved from the disassembler. 

< line feed > or < + > — Similar to 
enter, except if there is no assembly 
input, the < ADDr> is incremented 
and the next <addr> is disassem- 
bled. 

< > or < — > — decrements 

< addr > and the previous address is 
disassembled. 

< / > or < = > — Disassembles the 
current address again. 

<•> (period) or <Ctrl-A> — 
Exits the assembler/disassembler. 

The best way to learn how to do 
something is to do it. However, start 
simple. The simple program in Listing 
1 causes LED1 through LED8 on the 
SBC to flash on and off. Start at ad- 
dress SB600 to place the code in 
EEPROM. The source code is in a for- 
mat that BUFFALO’S line assembler 
understands. Bold entries are what ap- 
pears on-screen from the BUFFALO 
monitor, all entries that aren’t bold are 
what you type on the keyboard. 

< CR > means carriage return (or en- 
ter, depending on the keyboard you 
use). Although you key in a carriage 
return, it doesn’t appear on-screen. 

Start BUFFALO’S Line Assembler 
by typing ASM, followed by a space 
and then starting address in hexadec- 
imal and concluding with a carriage 
return. If the EEPROM is erased the 
screen display should be exactly as 
shown in Fig. 12. 

You’ll notice several interesting and 
possibly confusing features in the Fig. 
12 listing. After entering ASM B600 
and a return, ASM displays on-screen 
B 600 stx $ffff. This means ASM 
looked for an opcode at address B600; 
since the EEPROM is erased it finds, 
FF there. However, FF is the opcode 
for Storing Index Register X using ex- 
tended addressing (mnemonic 
“STX”). Since the erased EEPROM 
contains all Is (Fs in hex), ASM inter- 
prets this as an instruction to Store In- 
dex Register at location SFFFF. 

The opcode listed below the STX 
xxxx is the new opcode stored there 
after it’s entered in mnemonic form 
from the terminal. The at the end 
of the last line terminates ASM. 

As you can see, while it’s a BUF- 
FALO dogma that you shouldn’t en- 
ter the “$” prefix to indicate a hex 
number, ASM displays the dollar sign 
for extended addresses. 

After entering a line of code and 
pressing the return or enter key, if 


you see on the next line “rom-xx” ( xx 
is data at this location), the line assem- 
bler assumes you’re trying to enter 
code into ROM since the memory lo- 
cation doesn’t retain the data you tried 
to enter. Most likely, the line 
assembler is correct. This message ap- 
pears if the memory to which you try 
entering to is defective RAM or 
EEPROM. Another simple possibili- 
ty is that the address at which you tried 
to write has no memory installed. 

To execute the program directly 
from the BUFFALO screen, use the 
GO command, followed by the ad- 
dress (first make sure you exit ASM by 
typing a period): 

> GO B600<CR> 

If you entered the program correctly, 
LED1 through LED8 should flash on 


and off rapidly. Stop the flashing by 
pressing the reset switch on 
MAG-1 1 . Turn off power to the SBC 
and then set position 1 of S2 to off to 
cause pin 17 of U1 to go high when 
power returns. 

Now power up MAG-1 1 . What 
happens and why? You answer these 
questions yourself. Keep in mind that 
internal EEPROM is located at ad- 
dresses SB600 through $B7FF and that 
BUFFALO jumps to address $B600 if 
pin 17 of U1 is high. 

To get back to the BUFFALO 
prompt, set position 2 of S2 to on and 
then press the reset switch. You can 
experiment with the blink frequency 
by changing the instruction at address 
$B6 19. Loading the index register with 
a larger number decreases the frequen- 
cy, and vice-versa. You may wish to 
leave the blinker program in 
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Let Us Know. 



EEPROM while experimenting with 
MAG-1 1 with the BUFFALO monitor 
installed on the SBC. 

Whenever you want to check opera- 
tion of MAG-1 1 , set position 1 of S2 
to OFF so that LED1 through LED8 
flash after pressing the reset switch. 
To erase the blinker program from 
EEPROM, use the bulk command. 
(Before erasing the EEPROM, you 
may want to try out the trace 
command.) 

Other Commands 

Another simple but useful command 
is MEMORY or MM or even the undoc- 
umented M. Follow this command 
with the address of interest to see the 
data contained at the specified ad- 
dress. Change this data if you like or 
press ENTER. 

If you’d like to see a large block of 
memory at one time, use memory 
dump command md or dump, which 
causes your terminal to display the 
contents of memory in blocks of 16. 
The format is: MD <ADDrl > 
< ADDr2> <CR>, where addrl and 
addr2 are the starting and ending ad- 
dresses. If you list only one address, 
nine blocks of memory are displayed; 
if you want only one block, make 
addrl = addr2. 

The load t command can be a real 
time-saver because it allows you to 
download S-records (files in MOT-S 
format) via your terminal. 

If you have a problem with your 
program, you can use the trace com- 
mand. Place after this command the 
number (up to $FF in hex) of instruc- 
tions you want executed and displayed 
after each carriage return. If you don’t 
enter a number, trace executes one 
instruction at a time, trace starts at 
the address pointed to by the Program 
Counter (P register). 

Try out the trace command on the 
blinker program discussed above. 
Make sure the Program Counter is 
pointing to $B600 using the register- 
modify RM command to change pro- 
gram counter P, if necessary. The T 
command is the same as the trace 
command, except that it saves having 
to type four extra letters. 

To use the trace and break com- 
mands with MAG-11, jumper from 
XIRQ pin 40 of U1 to PA3 pin 5 of Ul. 
The simplest way to accomplish this is 
to tack-solder a length of Wire Wrap 


wire between the pins on the solder 
side of the board. (The latest revision, 
MAG-1 lb, from Magicland and 
MAG-1 Is on-disk pc artwork feature 
a jumper block that can be used in- 
stead of a jumper wire.) 

A carriage return, without a previ- 
ous command on the line, repeats the 
last command. 

As shown in the printout of the 
BUFFALO monitor last month, there 
are several other commands you might 
want to try, but I recommend you use 
bulk sparingly and avoid bulkall 
until you know exactly what you’re 
doing with the MC68HC11 and its 
CONFIG register. 

Do-It-Yourself System 

The design of the HC1 1 and use of the 
BUFFALO monitor make it unbeliev- 
ably simple to achieve an MCU-based 
turnkey system in which MAG-11 
starts running a custom program when 
powered up. In addition, this program 
can be quickly changed at any time by 
connecting the board to a terminal. 

The primary limitation to the above 
is the size of the EEPROM, which is 
512 bytes in the “A” version of the 
chip. If the source code is written in 
assembly language and care is taken to 
produce tight code, a rather sophisti- 
cated program can be squeezed into 
those 500 bytes, especially with 
HC1 1 ’s greatly expanded instruction 
set. If you really need more storage 
space, the 68HC1 1E2 version provides 
2K bytes of EEPROM. 

So far, to automatically run the 
blinker program in EEPROM, you 
must use the BUFFALO monitor or 
similar software, to “point” to the 
EEPROM. That is, you must some- 
how get the program started at address 
$B600. Anticipating that some users 
might want to jump directly to inter- 
nal EEPROM after a reset, rather 
than to the reset vector located at 
$FFFE and $FFFF, the designers of 
the HC1 1 provided for this feature in 
the internal bootloader firmware con- 
tained in every HC11 version A, 
whether or not it has internal ROM. 
This avoids complicating the chip with 
another special mode. 

To implement a j ump directly to in- 
ternal EEPROM, place the chip in 
Special Bootstrap Mode (by jumper- 
ing pins 2 and 3 of JP1 on MAG-1 1). 
Then tie together the RxD and TxD pins 


58 / COMPUTERCRAFT / May 1992 


Say You Saw It In ComputerCraft 


Table 1. SMOD and MDA 
Conditions 


Mode Latched at Reset 

Description SMOD MDA 

Single Chip 0 0 

Expanded Multiplexed 0 1 

Special Bootstrap 1 0 

Special Test 1 1 


and jumper to a pull-up resistor 
(jumper pins 1 and 2 of JP12 on 
MAG-11). 

When MAG-11 is configured as 
above, the chip will jump directly to 
$B600 after a reset is issued. The rea- 
son for this is that in Bootstrap Mode 
the Bootloader ROM is enabled, 
which initializes the SCI and Port D. 
The bootloader looks for the $FF 
character that determines the baud 
rate. If it finds a break character in- 
stead, the bootloader jumps directly 
to EEPROM. Tying together TxD and 
RxD provides this break character. 

Power down and remove the BUF- 
FALO monitor EPROM from MAG- 
1 1 . Then power up again and reset the 
system. You’ll note that nothing hap- 


pens. After resetting the system, the 
LEDs won’t blink. Examination of 
address and data lines with the Logic 
Monitor (if you incorporated it in your 
project) will reveal that the HC1 1 ap- 
pears dead. 

At this juncture, you might be won- 
dering what has happened. If you tried 
this without first reading about it, you 
might be panicked, fearing the HC 1 1 
has become silicon junk. Nothing that 
drastic has occurred. Remember that 
the chip is in Special Bootstrap Mode, 
with its external data and address bus 
disconnected from the internal work- 
ings. While the HC1 1 is most likely ex- 
ecuting all instructions stored in its 
EEPROM perfectly, it’s operating in- 
visibly since LED1 through LED8 re- 
quire external data and address lines 
to operate. 

If you’re wondering what good is a 
perfectly working MCU if it doesn’t 
interact with the outside world, keep 
in mind that the HC 1 1 is loaded with 
I/O ports that are still active. To dem- 
onstrate, try a variation of the TEST- 
68 1 1 program given in Part 1 of this 
series. Here we’ll cause LED10 to 
blink. It’s connected to bit 3 of Port 
A, just as LED1 was in Part 1 . 


Compact & Versatile 

8051/8052 

Microcontroller Board 

For Production Applications 



• Low power CMOS technology 

• Only 3.5 "x 4. 5" wifh mounting holes 

• Supports RS232 or RS485 

• Battery-backed RAM socket 

• Watchdog timer and power-tail interrupt 
circuitry 

• Parallel I/O: 8-bit I/O ports 

• Configurable for all known byte-wide devices 

• 4 Jumper- Selectable Memory Maps 


603-469-3232 • FAX: 603-469-3530 

Call for detailed brochure and quantity pricing 


r|j Binary Technology, Inc. 

^ 1 Mam St * PO Box 67 • Meriden NH 03770 


PAY TV AND SATELLITE DESCRAMBLING 
ALL NEW 1992 EDITION ALL NEW 


1992 edition update on cable, wireless and satellite Turn-ons, circuits, bullets, 
bags B-Mac blackcrphers Includes new VC plus fixes. Our bes: yet Only 
$15.95. Other (all different) editions: volume one (basics), 1983 edition. 1991 
edition, $15 95 each MDS Handbook $9.95. Satellite systems under $600. 
$12.95. Any 3/29.95 or 5/$49.95. Scrambling News Year One (154 pages) 
$39.95. Video $29.95. Scrambling News Monthly S24.95/yr Sample $3 New 
catalog $1 Special this month everything listed lor $99.95 


Scrambling News, i 552 F Hertel Ave 
Buffalo. NY. 14216 Vofee/FAX (71 6) 874-2088 
COD S ARE OK ADD $6 


COMPUTER SHOW 
& SALE SCHEDULE 

WHOLESALE PRICES - OPEN TO THE PUBLIC 

SAVE $1.00 OFF ADMISSION WITH THIS AD! 


MAY 2 
10-3 

Sat. 

NORTHEAST TRADE CENTER 

Woburn, MA - North of Boston 

1-95 Exit 35 - South Of 1-93-400 Tables 

MAY 16 
10-3 

Sat. 

WM. PATERSON COLLEGE - Rec. ctr. 
Wayne, NJ near 1-80 & Route 46 
Indoors - 400 Vendor Tables 

JUNE 6 
10-3 

Sat. 

WILLOW GROVE, PA - Near Phila. 

PA Tpke Exit # 27 - Geo. Wash. Lodge 
200 Vendor Tables - On Route 61 1 

JUNE 13 
10-3 

Sat. 

EDISON, NJ - Raritan Center Expo 

NJ Turnpike Exit #1 0 then Right 

1,000 Tables - Our Largest Showl 

JUNE 27 
10-3 

Sat. 

NEW CARROLLTON, MD - Sheraton 
1-95 Exit # 20-B on Annapolis Road 

No. of DC & So. of Baltimore-250 Tables 

KGP PRODUCTIONS, INC. 
(800) 631-0062 


CIRCLE NO. 74 ON FREE INFORMATION CARD 


The 
only 
8051/52 
BASIC 
compiler 
that is 

100% 
BASIC 52 
Compatible 

and 

has full 

floating 

point, 

integer, 

byte & bit 

variables. 


■ Memory mapped variables 
i ■ In-line assembly language 

option 

■ Compile time switch to select 
8051/8031 or 8052/8032 CPUs 

■ Compatible with any RAM 
or ROM memory mapping 

■ Runs up to 50 times faster than 
the MCS BASIC-52 interpreter. 

■ Includes Binary Technology’s 
SXA51 cross-assembler 

& hex file manip. util. 

■ Extensive documentation 

■ Tutorial included 

■ Runs on IBM-PC/XT or 
compatibile 

■ Compatible with all 8051 variants 

mBXCSI $295. 

603-469-3232 
FAX: 603-469-3530 


[3 


Bi nary Te c hnology, In c. 

Main Street • P.O. Box 67 • Meriden, NH 03770 
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To program the EEPROM again, 
use BUFFALO’S ASM. Remember to 
first plug the BUFFALO EPROM in- 
to MAG-1 1 and jumper pins 2 and 3 
of JP12 . Also, place the HC11 in Ex- 
panded Multiplex Mode by removing 
the jumper from JP11 and jumpering 
pins 1 and 2 of JPL 
Remember, the starting address is 
$B600. Enter the following, using 
BUFFALO’S ASM: 


CLRA 


ST A A 

1000 

LDX 

*B000 

DEX 

BNE 

B607 

COMA 

BRA 

B601 

Run this program by removing the 


BUFFALO EPROM from MAG-11 
and setting the jumpers for Special 
Bootstrap operation. Move the short- 
ing jumper at JP12 from pins 2 and 3 
to pins 1 and 2. Now press the RESET 
switch on MAG- 1 1 and note if LED 10 
blinks on and off. Do not try to run 
this program from BUFFALO’S GO 
command unless you remove the 
jumper between pins 5 and 40 of UL 
Notice that the system is extremely 
simple. Basically, only Ul, U2 , Q1 
and voltage regulator U4 are operat- 
ing. You can build a complete micro- 
processor project with only a 68HC 1 1 


and a microprocessor supervisory IC 
like the MAX690 or Motorola’s MC- 
34064. Projects like these can be sim- 
ple in physical design, sophisticated in 
function and, best of all, inexpensive 
to build. 

Until now, you’ve been operating in 
the Special Bootstrap Mode, which 
limits what you can do. However, 
even though you must start in Special 
Bootstrap Mode to enable the jump 
directly to EEPROM , you don’t have 
to stay there. You can use software to 
jump into Expanded Multiplex Mode. 

The procedure for getting back to 
Expanded Multiplexed Mode is 
straightforward. All you do is modify 


the HPRIO register at $103C using 

software. 



Bit 

$103C 

RESET 

7 

X 

? 

6 

SMOD 

? 

5 

MODA 

? 

4 

X 

? 

3 

X 

0 

2 

X 

1 

1 

X 

0 

0 

X 

1 


Here, x stands for the bits that aren’t 
of interest right now. Table 1 shows 
that the condition of bits SMOD and 
mda after reset depends on the op- 
erating mode at reset. With jumpers 
set for Special Bootstrap Mode, SMOD 


and mda are 1 and 0, respectively. 
This is the opposite condition from 
Expanded Multiplex Mode. The one 
requirement is that mda can be 
changed by software only when SMOD 
is set. Thus, mda must be changed be- 
fore SMOD is cleared. 

As you can see, to switch to Ex- 
panded Multiplexed Mode, you want 
SMOD cleared and mda set. In prac- 
tice, you first write a 1 to mda to tem- 
porarily send the MCU into Special 
Test Mode. The next set of instruc- 
tions should clear SMOD to cause the 
HC1 1 MCU to go into the Expanded 
Multiplex Mode. 

The following short program makes 
LED1 through LED4 blink on and off 
at half the rate of the previous blinker 
program. To program the EEPROM, 
configure the jumpers for Expanded 
Multiplex Mode and plug the BUF- 
FALO EPROM into socket C/7. Re- 
member to start the program at ad- 
dress SB600. With BUFFALO’S 
ASM, type ASM 600<cr> at the 
“ > ” prompt and follow with: 


LDAA 

#75 

STAA 

103C 

LDAA 

#35 

STAA 

103C 

LDS 

#co 

CLRA 

STAA 

7000 

STAA 

7001 

STAA 

7002 

STAA 

7003 

LDX 

#6000 

DEX 

BNE 

B61C 

COMA 

BRA 

B60D 

The first and second lines set the 


mda bit; the third and fourth lines 
clear the SMOD bit; and the fifth line 
sets the stack pointer. The fifth line 
isn’t needed, but it’s good practice to 
include it. 

To try out the program, power 
down and set the jumpers for Special 
Bootstrap Mode. (If you wish, you 
can remove the BUFFALO EPROM.) 
Again jumper pins 1 and 2 of JP12 . 
Power up and press the reset switch. 
Now LED1 through LED4 should 
flash on and off at a slower rate than 
in the program that flashes all eight 
LEDs . Do not try to run this program 
from BUFFALO’S GO command. 

Y ou can experiment with your own 
unique program to operate automat - 


0.125" heat-shrinkable tubing , 


Red LED on MAG-11 or 

l - 

MAG-11 BAT 

bJ-LJ 


Color-code wires for easy 
identification of collector 
and emitter 


Phototransistor 





Q2 = 2N2907 or equivalent PNP transistor. 

K1 = DIP reed relay {Digi-key CAT. No. 26101-ND). 
K2 = 1 6V ac relay with >90ti coil resistance. 


Fig. 13. Details for making an optical coupler (A) and the schematic diagram (B) 
of a simple circuit that allows a red type T-1 LED control a power relay (K2) via 
the contacts of a low-power DIP reed relay (K1). 
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2011 Crescent Dr., P.O. Drawer 537 
Alamogordo, NM 88310 


Add $4 S/H (USA, Canada) All items in stock. COD (UPS cash 
only). VISA. MasterCard OK. NEW CATALOG is $2 with 
order, $4 without. In business since 1971 As seen on TV. John 
Williams * former Senior Engineer (Lockheed), Professor of 
Computer Science (NMSU). Sold for educational p urposes only. 


*AII software supports all IBM PC compatible sys 
terns (8086 - 80486). 


VOICE MAIL BOX HACKING 


How Voice Mail Box (VMB) systems are LSed and the specific 
ways they are hacked Includes ASPEN, MESSAGE CEN- 
TER, BIX. EZ, SYDNEY. PHONE MAIL, AUDIX, etc Ab- 
solutely required for all users and sysops! $29 


CELLULAR PHONE MANUAL 


How cellular phones are designed, operated and re-programmed 
How cellular systems are vulnerable to hack attacks, and 
countermeasures. Comprehensive descriptions on modifying 
NAMs & ESNs (including specific info, on 30 popular models), 
scanning, scanner restorations (includes UHF TV method), freq. & 
channel allocations, rooming, tracking. ECPA - more’ $39. 


PHONE COLOR BOXES 


As designed by Phone Phreaks 1 15 phone color boxes described 
Dozens of circuits, simulator programs Plus call forwarding, con- 
ferencing, phreak history, 50 useful and legal phone circuit plans - 
more 1 $29 


ROBOFONE AUTODIALER 


STOPPING POWER METERS 


As reported on CBS "60 MINUTES": How certain electri- 
cal loads (simply plugs into an outlet) can slow down 
- even stop - watthour meters while using full loadsl 

Loads may be connected to any outlets in system. Also describes 
meter creep, overload droop, etc. $19. 


THE I.G. MANUAL 


External magnetic ways vappued to the meter itself) 

to slow down 


and stop watthour meters while drawing full loads. $19 


KW-HR METERS 


How watthour meters work, calibration, error modes (many), ANSI 
Standards, etc. Demand and Polyphase Meters. Experimen- 
tal results to slow and slop mete's by others $19. 


LIBERATE GAS & WAT ED 


How gas and water meters can t-e reversed using commonly avail- 
able household equipment $19, 


GAS FO’ ALL! 


Voice Line and Manual Fax: 8AM-9PM Mon.- 
Sat. MST. Auto Fax: All other times 

( 505 ) 434-0234 

Fax: (505) 434-0234 (orders only) 


Off-The-Shelf HARDWARE 


Van Eck System, Voice Disguiser, Shriek Module, 
Hearing Assistor. 6th. Sense Communicator, TENS, 
Bumper Beeper, Radar Emitter, Subliminal Mixer, EM 
Countermeasure, Hieronymus Machine, Neurophone - 
much morel See our Catalog tor details 


HARD DRIVE MANUAL 


Covers all hard drive and controller implementations (emphasis on 
PCs). How to select, interface, initialize, set up, use, maintain, 
troubleshoot and repair them. How to protect them from mistakes, 
sabotage, prying eyes and sticky fingers How to recover dam- 
aged and lost files. How to prevent crashes to begin with. In- 
cludes software reviews Loaded with information, advice, tips 
$29 


DISK SERVICE MANUAL 


Mamiain, [roubles;. oo:, repair, adjust, align l.oppy drives wiTnout 
special equipment or software - 3. 575. 25*/8\ PC/XT/AT/ 
386/466. Apple Tandy Commodore, Kaypro, Epson, 
Atari. Tl, HP. DEC, etc systems All floppies need regular up- 
keep $29 


DISK DRIVE TUTORIAL 


Theory and practical facts on floppy drives, disks, FDCs, format- 
ting. software protection Systems described above. Invaluable 
advice and tips on how to best select, interface and use drives 
and disks. $1 9. 


PRINTER & PLOTTER MANUAL 


Types, descriptions, specs and 100+ interfaces (parallel, serial) 
Detailed plans for X-switchers. buffers, and serial-to-parallel and 
parallel-to-serlal Interfaces, breakout boxes Many buy. use, 
service, tips $ 1 4 


COMPUTER PHREAKING 


TROJAN HORSES VIRUSES, WORMS, etc and counter- 
measures Includes disk with 360K of hacker text files and utili- 
ties, and legendary FLUSHOT+ protection system (Ed. 
Choice, PC Magazine) Dozens of computer crime and abuse 
methods and countermeasures How systems are penetrated 
BBS advice, password defeats glossary - much more 1 Manuals 
+ Disks* $39 


BEYOND VAN ECK PHREAKING 


Eavesdropping on VDT and TV video signals using an ordinary TV 1 
Documented in security industry literature. Range up to 1KM 
Plans include both the CONSUMERTRONICS and the original 
TOP SECRET VAN ECK designsl $29 


ABSOLUTE COMPUTER SECURITY 


Dozens of simple, versatile, secure computer security methods 
and tips. Plus our invulnerable Cipher Program (in COM and 
Its BAS source) Plus $1,000 CIPHER CONTEST rules 
with ciphertext. Manual + Disk* $24 


CRYPTANALYSIS TECHNIQUES 


Five powerful menu-driven crypto programs (In COM and their 
BAS sources) to analyze, decrypt “secure' ciphertexts Worked- 
out examples Recommended In the prestigious COMPUTERS 
& SECURITY. Manual + Disk* $29 


SOFTWARE PROTECTION SYSTEM 


Unique system that highly discourages costly software piracy 
while not interfering with legit archival copies No known way to 
defeat. No special equipment required Simple and automatic to 
install on your distributed software Can be used with any copy- 
prevention system. Manual + Disk* $59. 


THE “GOLDFINGER” 


Tired of digging up rusty nails and bottle caps? The 
"Goldfinger' Detects GOLD, SILVER. PLATINUM, 
ALUMINUM and COPPER - Rejects all FERROMAG- 
NETICS. Plans $14 


THE “SILKWOOD” 


The ‘Silkwood" detects X- and Gamma Rays, and Alpha and 
Bela particles. Simple, pocketsize, 9-volt battery-operated rad 
detector requires no Geiger-Mueller tubes or high voltages 95+% 
linearity between 10 and IK rads/min. Indicates to less than 0.1 
rads/min. Check out your job, home, land and possessions. And a 
real lifesaver for nuclear survival situations. Plans $14. 


Powerful, versatile, menu-driven "Wargamcs" autodialer lets you 
dial any number (up to 10K) or mix of local and long distance num- 
bers in any order, over any length of time, whether busy or an- 
swered (your choice) and log the times, commands and results to 
monitor, printer and-or disk. Quick-dial directory of up to 600 num- 
bers. BUSY redial options Direct modem command and control. 
All Result Codes, including VOICE and RINGING. Optional shell to 
terminal program upon CONNECT. Exit to menu or DOS (for 
batching) Manual + Disk* $29 


RADIONICS MANUAL 


Exciting electrical, electronic and electromagnetic therapeutic, di- 
agnostic and preventive devices (mostly experimental) History, 
descriptions, plans (dozens), availabilities of Radionics De- 
vices from early to modern While drugs cost $ Hundreds, elec- 
tricitv costs pennies! $29 


HEAL THYSELF 


Some electronic and electromagnetic medical devices are now li- 
censed by the FDA for therapies Plans for three major device 
types that YOU can build and use yourself 1 Save $ Thousands! 
Plus details on many other devices $19 


EM BRAINBLASTER 


Tutorial and plans for powerful ELECTROMAGNETIC WEAP- 
ONS and LAB DEVICES. Optimum circuits, freqs , waveforms 
duty cycles and intensities Comprehensive and MIND BOG 
GLINGI $29. 


UNDER ATTACK! 


ELECtROMAGNE FIC IN TERFEnENCE (EMI) and 
ELECTRONIC WEAPONS cause inexplicable manifes 
tationsl These attacks can cause cancer, birth defects, pro- 
found psychological and neurological disorders, cardiovascular 
and immune system failures etc Destructive to people, pets, 
livestock, plants, equipment INCLUDES ACTUAL CASES 
(which we investigated and documented) OF EM ATTACKS 
ON PEOPLE. Includes how you can verify and pinpoint the 
source of EMI and electronic attack, and specific countermea 
sures you can take $29. 


HIGH VOLTAGE DEVICES 


HV devices plans Stun Gun, Taser, Prod Cane, Um 
brella, Flasher, Blaster, Zapper, RF/Radar/Audio Jam- 
mer, Jacob's Ladder, Plasma and Van de Graaff Gens 
Fence Charger, Geiger Countor, Ozone Gen, Fish 
Stunner Plant Stimularor, Kirlian, etc Shocking! $29 


SECRET & SURVIVAL RADIO 


Optimum survival and security radio equipment, methods freq al- 
locations and voice/data scrambling/encoding Includes small re- 
ceivers/transmitters, telemetry, antenna optimizations remote 
monitoring & control, security, surveillance, and ultrasonic, 
fiberoptic & infrared commo 70+ circuit plans, tables $29. 


TV DECODERS & CONVERTERS 


Tutorial, plans for several popular TV decoders and converters 
Plus satellite TV component selection, usetps, $14. 


VOICE DISGUISER 


Plans for neat devices to change voice pitches. Effective against 
Snoops using voice analysers, for women, chldren and elderly liv- 
ing along, for anti-intrusion systems, for gags Voice sounds 
natural $19. 


STEALTH TECHNOLOGY 


Police radar is fascinating 1 It also has erro rates of 10%-20%! 
Every known error mode - method and mate-ial used to minimize 
radar reflections - tactic & strategy to fight unjust radar tickets 
(that cost you $ Hundreds In Insurance and risk cancellation) - 
methods to detect andiam signals fully described 1 $29 


CREDIT REPORTING ENTITIES 


Giant commercial and government databases contain millions of 
financial, employment, medical, family history, lifestyle, religious, 
political records instantly accessible to many How to protect your 
privacy and security. Comprehensive. $29. 


SECRET & ALTERNATE IDS 


Privacy is virtually gone! With the huge databases now 
maintained and controlled by credit bureaus and governments, 
your privacy, sanity and survival are at great risk - unless you can 
escape under a secret and alternate ID. Legal melthods detailed 
Not a rehash of the Paper Trip books. $14. 


BY AN ORDER OF THE MAGNITUDE 


The most comprehensive survival book ever written! 
Topics include electronics, computers, energy, weapons, con- 
cealment, revenge, alarms, etc to survive today and In the Day 
After. We all face increasingly financially and physically brutal 
times! Field-expedient use of technology in various threat and 
conflict environments. $49. 


Every known vulnerability of gas and diesel fuel pumps and dis- 
pensers both mechanical and electronic. $19. 


VORTEX GENERATOR 


Heat and cool with simple, amazing 3-port device Uses no moving 
parts, electricity, fossil fuel, liquid or freon. Guaranteed scientifi- 
cally sound! Plans $14. 


BEST-BUY 


Big-ticket items (ex vehicles, computers & peripherals, video & 
photo equipment, home appliances, copiers, etc) come in a dizzy- 
ing array of makes, models and features BEST-BUY is a power- 
ful easy-fo-learn, easy-to-use. menu-driven analysis program 
that computes the very best buys tor your hard-earned dollars 
Save much $$$| Disk* + Write-Up $29. 


STOCKPRO 


Unique, powerful, shrewd and unconventional common stock in- 
vestment strategy Professionally created for NMSU and core of 
costly consulting package Manual ♦ Disk* $29. 


AUTOMATIC TELLER MACHINES 


ATM crimes abuses, vulnerabilities and defeats ex- 
posedf 100+ methods detailed, Include: Physical, Reg E, ci- 
pher, PIN compromise, card counterfeiting, magnetic stripe, false 
front, TEMPEST, tapping, spoofing, inside job, super-cool, vibra- 
tion, pulser, high voltage, Van Eck - others. Case histories, law 
countermeasures, detailed security checklist, labeled internal 
photos, figures ATMs contain up to $250,000 in cash! $350,000 
ATM crime spree still unsolved! $39- 


CREDIT CARD SCAMS 


Cardholders, merchants and banks suffer $ Billions in losses an- 
nually because of credit card fraud. Describes every known 
means of credit card fraud & scarrs Protect yourself! $29 


CONS & SCAMS 


Cons and Scams fleece Americans of $100+ Billion pel yeah The 
most comprehensive survival manual on cons and scams of all 
kinds - from the classic to the hi-tech Details on hundreds and 
their many variations Protect yourself! $29. 


ULTIMATE SUCCESS MANUAL 


Underpaid? Harassed? Manipulated? Stuck in a dead-end job? Ex- 
pect to be laid off, fired or transferred? The ultimate no-holds- 
barred Machiavellian techniques to find, obtain, optimize and keep 
top jobs and benefits. THE RULES OF THE GAME FOR A 
GAME WITHOUT RULES! From first resume to CEO. $29. 


SURVIVAL GUNS & AMMO 


The Ultimate Firearms Survival Manuall Describes opti- 
mum guns & ammo, conversions, silencers, explosive devices, 
improvised weapons. End Times scenarios, retreats, etc. $19. 
SILENCE IS GOLDEN: How acoustic silencers are made from 
simple, cheap, commonly-available materials $9. Both $25, 


ROCKET'S RED GLARE 


How to design and build solid-propellant amateur and survival 
rockets Emphasis on the formulation, manufacture and installa- 
tion of propellants, motors, igniters, etc. Includes list of com- 
monly available materials, and the design of launch pads and test 
beds and their electronics. $29. 


FIREWORKS 


Describes how firecrackers (M-80s, blockbusters, cherry bombs), 
rockets, volcanos & fountains, sparklers & safety fuses are made 
& colored. Simple, Inexpensive & common Ingredients. $9. 


NEW CIRCUIT DESIGN CONCEPT 


Describes new circuit design MAGIC POLYHEDRON" con- 
cept Soldering typically reduced to less than 20% of PC and perf 
board designs - much less risks of toxic chemicals, burns, bad 
solders, cooked parts, etc Compact, efficient, low-noise, reliable. 
Versatile size, shape, layout. Easy to troubleshoot and change 
design Cost effective Easy to integrate with chassis, controls, 
connectors, displays, power supplies, etc Assemble circuits just 
about anywhere! $19. 


TECHNICAL RESEARCH SERVICES 


Unique 57+K electronic & computer design article database ac- 
cessed by title & subject: Digital, vP, /iC. analog, hybrid, no- 
mograph, software Many hacke', inhouse & non-published. Pro- 
vide us keys, we return list. $25 search fee (1-25 keys; you may 
combine unrelated topics) Saves you R&D $$$! 


SPECIAL PROJECTS 


We design, build, repair, modify maintain and-or consult on any 
device, system, process, project (electrical, electronic, comput- 
erized, mechanical, optical, automotive). Invention prototyping. 
Confidentiality guaranteed. Describe and Include $25 fee (does 
not obligate you). We then provide you cost & time estimates 
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‘Internal RAM and internal registers can be remapped (see text) 




Fig. 14. Memory map for MAG-11 single-board computer. 


ically when the jumpers are set for 
Special Bootstrap Mode. (MAG-1 1- 
BAT’s Logic Monitor is ideally suited 
as an output display for experiments.) 
For instance, you can connect short 
lengths of No. 24 hookup from the 
Port A outputs of Ul (such as, PA4, 
PA5 and/or PA6) to Jl on the Logic 
Monitor. (As can be seen from MAG- 
ll’s connector pinout illustration 
shown last month, PA4, PA5 and PA6 


are connected to pins 8, 6 and 4, 
respectively, of /5.) 

With a suitable program, you can 
control the respective Logic Monitor 
LED. For instance, if you connect PA4 
to pin 1 of Jl, LED12 on the MAG- 
1 1 BAT board will light if bit 4 of Port 
A at $ 1000 is set, and LED20 will light 
if this bit is cleared. 

You can modify MAG-1 1 BAT so it 
will serve as an optically-isolated out- 


put board that can control relays. Use 
a short length of heat-shrinkable tub- 
ing of suitable diameter to optically 
connect a phototransistor to one LED 
on MAG-1 1BAT. If necessary, use 
black electrical tape to seal out exter- 
nal light. Connect the phototransistor 
in a simple circuit that controls a small 
DIP relay. A sample circuit is shown 
in Fig. 13. 

While the relay mentioned can con- 
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Hardware & Software Availability 


Parts and software for the MAG-11 
single-board computer system are 
available from Magicland, 4380 S. Gor- 
do n A ve., Fremont, MI 49412. These in- 
clude: double-sided MAG- 11 pc board 
with plated-through holes and screened 
component overlay, Part No. MAG- 
1 1BD), $25; all ICs, except optional ones, 
including the MC68HC11A1P and a 
27C256 EPROM with MAG- 1 1 DI AG or 
BUFFALO firmware (specify choice) 
and JB31J1 thermistor, 7,320-ohm 1% 
resistor and a loaded PC compatible 
MAG-1 1 software disk (specify 5 Va " or 
3 Vi ") but not including U9 or U 10, Part 
No. MAG-1 1CDK, $49.50. Order bare 
MAG-1 1 pc board and set of ICs and 
disks, and pay just $69. 

Available separately are: MC- 
68HC1 1 A1P, $25; 27C256 EPROM with 
MAG-1 1DIAG firmware, Part No. 
MAG- 1 1 DIAG/E-256, or BUFFALO 
monitor, Part No. BUFFALO/E-256, 
$ 1 2 each ; PC-compatible disk (part No . 
681 1ME-5 for 5'A" or Part No. 6811- 
ME-3 for 3y 2 "), $7.50. All prices are post- 
paid in the U.S.; add $5 for shipment to 
Canada, $10 for shipment via air to other 
countries. Michigan residents, please add 
4% for sales tax. 

Motorola Freeware BBS — Tel.: 1-512- 
891-3733, 2400/1200/300 baud, eight 
data bits, no parity, one stop bit. 


trol up to only 0.5 ampere directly, it 
can be used to activate a power relay 
that, in turn, can control devices with 
larger current drain. It would be sim- 
pler, and probably more reliable, to 
connect an optoisolator directly to the 
output pins of Port A — but it isn’t as 
informative or as much fun to do it 
this way. 


Complete Memory Map 

Figure 14 shows the complete memory 
map for MAG-1 1 . This map is impor- 
tant if you plan to expand MAG-11. 
Notice that there are a substantial 
number of bytes that aren’t pro- 
grammed in EPROM C/7. You can 
easily add a complex program to either 
the diagnostic or BUFFALO-monitor 
EPROM. The 68HC11A1P permits 
considerable flexibility in reposition- 
ing internal RAM and I/O registers, 
to the beginning of any 4K-byte page. 
The init register, located initially at 


$103D, sets the addresses for RAM 
and the I/O register. 

Bit RESET 

7— RAM3 0 

6— RAM2 0 

5— RAMI 0 

4— RAM0 0 

3— REG3 0 

2— REG2 0 

1 — REG1 0 

0— REG0 1 

RAM3 through RAM0 specify the up- 
per hex digit of the RAM address. As 
you can see, after a reset, these bits are 
0; so RAM is initially positioned from 
$0000 to $00FF. Similarly, REG3 
through REG0 specify the upper hex 
digit of the I/O registers. After a reset, 
bit 0 is 1 and all other bits are 0; so the 


I/O registers are initially positioned 
from $1000 through $103F. 

If RAM and registers are inadver- 
tently mapped to the same space (for 
example, if the init register is cleared) 
the registers have priority. With the 
“A” version HC11, internal 
EEPROM is fixed between addresses 
$B600 and $B7FF. 

Now that you’ve built the MAG-1 1 
SBC and its companion MAG- 1 1 BAT 
add-on battery board with Logic 
Monitor and experimented with them, 
you’ll undoubtedly want to begin ex- 
perimenting on your own. A good 
place to start is with this series of ar- 
ticles. Follow up with the manuals and 
downloaded software from Motoro- 
la’s Freeware BBS to get more in- 
depth experience using these items. 


AC/DC VOLTAGE i 

AC/DC currewt! 

DIODE TEST Stock No. 

LOGIC TEST 990092 
LED TEST GOOD/BAD 
5 FREQ RANGES 
5 CAPACITANCE RANGES 
LOW BATTERY Warning 
CONTINUITY TEST/BUHER 
TRANSISTOR CHECKER 

20 MHZ FREQ COUNTER visa 
■■s KELVIN _ Electronics 

10 Hub Drive. Melville. NY 11747 
amm (518) 758-1 750 1 (800) 845-921 2 

FAX (516) 758-1 T 83 




TEST EQUIPMENT 

Oscilloscopes • Multimeters 
Function Generators • Frequency Counters 
Power Supplies • Video Head Testers • Etc. 

Sine* 1972 CALL OR WRITE FOR OUR FREE CATALOG 

BRUNELLE INSTRUMENTS INC. 

P O Box 1223 • Newport Vermont 05855 
Tel. 1-800-567-3506 Fax: 1-819-569-1408 



LAI General-Purpose PC Logic Analyzer — $149.00 

Designed especially for efficient sophisticated digital analysis of non-microprocessor circuits. 


IBM PC/XT/AT/386 
compatible 

► The first PC Logic 
Analyzer designed to 
be cost-efficient for low- 
frequency applications. 

► Works with 5-Volt digital 
logic (5V CMOS or TTL) 

► 8 color-coded data 
lines & external clock 
Input. 

6 range internal clock 
(iHz-IOOKHz) for 
periodic sampling. 



MOUSE 

compatible 

> 48" color-coded ribbon 
cable with spring-loaded 
micro clips 

> Uses your PC’s 
microprocessor and 
memory with an assembly 
language data acquisition 
routine for maximum 
speed on your system. 

►A 12 MHz PC clone easily 
handles over 100,000 
samples per second. 


Add logic analysis to your bench for the price of a DMM 
Ideal for the professional as well as students & hobbyists * Proven excellent teaching aid 

► Integrates with the power & intelligence of your PC to produce a low-cost yet Impressive test In- 
strument. 

► 'Snapshots - Logic States for observation. 

► Quickly & reliably performs tests that a dual-trace oscilloscope, DMM, and Logic Probe can’t (ex- 
ample: multiplexed digital displays, stepper-motor controllers, . . etc.). 

► Pop-Down Menus, ► 8 Channel color-coded logic probe mode. 

► File / Print Utilities. ► Free tech support and software upgrades. 

Model LAI 
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► Full-Featured 
software & 
data display 
graphics (Dis- 
plays In full 
color or 
monochrome). 

► On-line help 
system. 

Takes only 
minutes to 
master the 
easy-to-use 
software. 

► Made in the 
USA. 


Logic Analyzer 

Comes Completely 
Assembled A Tested 
with Disk & Manual 
1 Year Warranty 
Orders: 

(504) 222-4146 
24 hr. answer service: 
(504) 748-7090 

C.O.D. • VISA • MC 

Photronics, Inc. 

109 Camille Avenue 
Amite, Louisiana 70422 
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Applications By Crady Pawlak 


VGA To The Max 

Parti 

A Look at Inexpensive Near-True Color Graphics 
and Windows Accelerators 



Truevision’s TARGA+ Graphics Engine. 


Y ou’re probably aware by now of 
a quiet revolution — or evolu- 
tion — spreading throughout the PC 
industry. It isn’t Windows , but the 
long-awaited improvements in hard- 
ware and software that Windows 3.0 
and other windowing graphical user 
interfaces (GUIs) have inspired. Inte- 
gration gave Windows its sudden pop- 
ularity. Long the exclusive desktop 
domain of the Apple Mac GUI, sys- 
tem integration under Windows sim- 
ply means that all applications written 
for it essentially look and work alike. 
And integration goes all the way down 
to the hardware level. 

Once Windows is configured for a 
particular PC, all applications for it 
follow suit. This is especially conven- 
ient with regard to the graphics con- 
troller being used. Setup Windows for 
640 x 480 x 256-color resolution, 
and all applications within it adjust 
themselves accordingly. When you 
upgrade your graphics card, simply 
run the Windows Setup, install the ap- 
propriate driver, and the next time 
Windows is launched, everything ap- 
pears in the new graphics mode. This 
means that Windows , by design, will 
take full advantage of a given graphics 
adapter, provided the appropriate 
software driver has been installed to 
support it. 

T o make things even more interest- 
ing, most graphics-intensive Windows 
applications like PageMaker , Win- 
dows Paint, Ventura Publisher, Pub- 
lisher's Paintbrush, ImagePrep, Excel , 
etc. , provide full support (display and 
editing) of 24-bit true color image files 
(originally, Truevision’s 24- and 32-bit 
Targa formats). 

“True color” refers to the fact that 
the human eye can’t distinguish sub- 
tle differences among more than 256 
shades of any given color. Each pixel 
within a 24-bit image is constructed 
from three eight-bit RGB (red, green 


and blue primary colors, each ranging 
in value from 0 to 256). This translates 
into a range of 16.7-million possible 
color combinations. The “possible” 
qualifier is used here because it would 
require a 24-bit resolution of 4,096 x 
4,096 pixels to realize all these colors 
simultaneously. Images created and 
displayed in this pixel depth appear 
natural and lifelike. 

The graphical PC cart is clearly 
ready, now what about an affordable 
horse to pull it? 

This month, we discuss the latest 
trends in VGA technology. Next 
month, in the conclusion of this arti- 
cle, we’ll present a brief but fairly 
comprehensive Glossary of Techni- 
cal Terms commonly used in video 
display technology in general. 

Evolving Graphics 

Remember MDA, CGA and EGA? 
The same thing appears to be happen- 
ing to VGA, with the exception that in- 
stead of disappearing altogether, it’s 


evolving again. Originally, IBM tried 
to give the PC true high-resolution an- 
alog RGB graphics with the profes- 
sional graphics adapter (PGA). How- 
ever, its acceptance was limited large- 
ly because it was never really a stan- 
dard, it was expensive at around 
$2,000 and it was hardware-inefficient 
because it required two full-length ex- 
pansion cards to implement. 

A far better solution came with the 
video graphics array (VGA) for IBM’s 
line of PS/2 computer systems. Pro- 
mising a true analog graphics solution 
at reasonable cost, VGA quickly 
became an easily cloned standard that 
has been greatly enhanced over the 
past few years. Originally offering 256 
on-screen colors, or “attributes,” on- 
ly in a very chunky 320 x 200-pixel 
resolution, chip makers quickly 
pushed this resolution up to 800 X 600 
pixels SVGA (super-VGA) and be- 
yond by increasing the video page buf- 
fer to 512K and then to 1M. 

Although these extended-VGA 
modes were essentially proprietary 


66 / COMPUTERCRAFT / May 1992 


Say You Saw It In ComputerCraft 




with respect to a given graphics con- 
troller (these non-standards are quick- 
ly giving way to the new guidelines laid 
down by the Video Electronics Stan- 
dards Association, or VESA), soft- 
ware drivers are shipped with these 
graphics cards to provide support for 
numerous popular applications pack- 
ages. However, recent releases of pro- 
grams like Windows and applications 
written for its environment are begin- 
ning to make 256-color VGA (pseudo- 
color) appear dated. 

Unlike EGA, though, SVGA still 
has a lot of life left. Rather than dis- 
card SVGA in search of a new plat- 
form, innovative semiconductor 
houses are breathing new life into 
what has turned out to be a very versa- 
tile approach to PC graphics. 

More Enhancements 

One of the more-elegant and most- 
promising means of boosting the col- 
or performance of VGA graphics is 
HiColor, a registered trademark of its 
developer, Sierra Semiconductor. Hi- 
Color essentially permits existing 
VGA controllers to break the 256-col- 
or barrier via the exclusive HiColor 
line of color palettes (the more famil- 
iar term coined by Brooktree Corp. is 
RAMDAC). 

Simply put, the VGA palette is a de- 
vice with three on-chip D/A (digital- 
to-analog) converters and 256 bytes of 
RAM used for a color attribute look- 
up table that provide the RS-343A- 
compatible RGB outputs required to 
drive an analog color monitor. 

Industry standard VGA palettes 
like Brooktree’s BT471/476/478 se- 
ries, with which HiColor is pin-for-pin 
compatible, can at best produce only 
eight-bit pseudo-color. Although 
VGA has 262, 1 44 possible color com- 
binations, it’s restricted to displaying 
only 256 of these at any given time. To 
obviate this limitation, HiColor pal- 
ettes cleverly bypass the look-up table 
to provide pixel depths of 15 and 16 
bits, for 32K and 64K on-screen col- 
ors, approaching true-color output. 

Often requiring little modification 
to an existing SVGA board design, 
other than a video BIOS upgrade and 
additional software drivers to support 
the available HiColor modes, the up- 
ward transition to HiColor for the 
graphics card OEM is a very easy one. 
This translates into an inexpensive up- 
grade path for consumers who want to 


obtain a perceived depth of color that 
approaches those of such prohibitive- 
ly-expensive display adapters as the 
Truevision 1024-32. 

As of this writing, HiColor boards 
are selling in the US for less than $200. 
Compare this with IBM’s original 64 
color EGA (false-color), which sold 
for $ 1,000-plus a just few years ago! 

If you still aren’t convinced of the 
merits of such enhancements, you 
probably haven’t seen Windows or 
AutoCAD applications like Render- 
man and AutoShade running in Hi- 
Color mode. 

Here’s an experiment that stresses 
this point: If you currently use Win- 
dows in a 256-color SVGA mode, try 
opening two or more windows simul- 
taneously with eight-bit (or greater) 
color images displayed within them. 
You’ll be surprised to see all palette in- 
formation for the inactive windows 
(those still visible but with tasks sus- 
pended) are temporarily discarded. 
Only the currently active window will 
appear to have its correct color infor- 
mation. This occurs because of that 
256-attribute limitation of VGA. 

Only one color map (virtually the 
entire contents of the 256-byte RAM- 
DAC look-up table) can be assigned 
at any given time. If two or more dif- 
ferent color images, each with its own 
unique color map, are to be displayed 
simultaneously, only one is given pri- 
ority over the look-up table. 

Interestingly, Windows seizes a few 
of the available color attributes for its 
own use when launched. These confis- 
cated attributes are then used for col- 
oring icons, window borders, etc. , and 
are no longer made available to appli- 
cations. Therefore, if Windows is run- 
ning in, say, pseudo color mode, a 
number of those possible on-screen 
colors are lost. This isn’t the case with 
HiColor because its viewable on- 
screen attributes aren’t bound by 
VGA’s 256-color limitation. 

Under the Rainbow 

Viewing a Targa image (or any 16-, 24- 
or 32-bit graphics file format) in Hi- 
Color mode is a real treat. Edges and 
color gradations within an image ap- 
pear smooth and realistic (a sort of 
“anti-aliasing”) when compared to 
the j aggies apparent in pseudo-color 
modes, with a depth that 256-color 
VGA can’t begin to approach. 

Also gone is the obvious “banding” 


that’s apparent with pseudo-color 
when viewing true-color images under 
HiColor. Banding is an inability to 
smoothly gradate between light to 
dark adjacent shades of a given color. 
Images with large areas of like shades, 
such as blue skies and water, readily 
display this anomaly as strips or 
“bands” of stepped colors, instead of 
a more realistic, smooth transition 
from light to dark shades. 

Although some color/detail-com- 
plex eight-bit graphics images can look 
quite good, they quickly pale next to 
16- and 24-bit formats with which you 
can work under a HiColor-enhanced 
video system. 

Proof of the increasing popularity 
of HiColor is evidenced by its support 
in the shareware arena with Version 
4.6 of Bob Montgomery’s perennial 
VPIC. Originally a GIF image-only 
(CompuServe’s Graphics Interchange 
Format) viewing program, VPIC is 
now configurable for HiColor cards 
that utilize the Tseng Labs ET4000 
controller and supports a bread range 
of image formats. VPIC Version 4.6 
lets you view and manipulate 16- and 
24-bit Targa files on your PC in 32K 
HiColor mode, while maintaining 
support for lesser graphics platforms. 

If there’s a down side to HiColor, 
it’s the fact that it can marginally slow 
down graphics throughput. This is be- 
cause there’s a lot more color informa- 
tion to be processed when compared 
to 256-color graphics. Just how great 
the slowdown will be depends on the 
graphics controller you use with the 
HiColor palette. It’s applicable when 
in HiColor mode. In all other modes, 
display speed is unaffected. If the 
graphics card in question makes use of 
VRAM (dual-port DRAMs), the slow- 
ing effect of HiColor is virtually nil 
when compared to 256-color modes at 
the same resolution. 

HiColor a Standard? 

If imitation is the sincerest form of 
flattery, copying the other guy’s chip 
means you have a sure winner. Such 
is the case with HiColor. As of this 
writing, at least one semiconductor 
house (Music Semiconductor, a Dutch 
company with a sales and marketing 
office in Colorado) has announced a 
color palette (MU9C1715) claiming 
8-, 16- and 18-bit color support. It 
seems targeted at Sierra’s HiColor 
market. It remains to be seen if this 
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new chip will succeed. 

The MU9C 1 7 1 5 is available only in 
a 44-pin plastic leadless chip carrier 
(PLCC) package (industry standard 
palettes are packaged almost exclu- 
sively in 28-pin DIPs) and requires ad- 
ditional “glue” logic to implement on 
existing SVGA designs. Such short- 
comings aren’t suffered by HiColor. 

VGA On Steroids 

Windows and other GUIs make the 
most of a given hardware installation 
by pushing a system to its performance 
limits. Minimal system memory, slow 
hard disks and inefficient graphics 
controllers can all add bottlenecks to 
Windows s making it agonizingly slow 
to respond to your input. 

I’ve seen 33-MHz 386DX-based 
PCs running Windows with a poorly 
designed SVGA system and it was 
nearly comedic (or tragic, depending 
on how you look at it). Opening or 
closing a window in 1,024 x 768 x 
256-color mode was akin to using Ven- 
etian blinds. You could actually see in- 
dividual strips of each window being 
drawn! Although the software driver 
was probably just as much at fault as 


the controller chip itself, this was an 
object lesson in how power-hungry 
Windows truly is. 

On the other side of the coin, there 
are truly speedy VGA controllers like 
the Tseng Labs ET4000/AX. Argu- 
ably the fastest non-coprocessed VGA 
controller available, the ET 4000/ AX 
performs exceptionally well with Hi- 
Color under Windows. Even without 
the added advantage of VRAM, an 
ET4000/AX is capable of driving non- 
interlaced 1 ,024 x 768 x 256 displays 
by accessing normal DRAM memo- 
ries in zero wait-states and providing 
full support of faster throughput 
VRAM memories if incorporated in- 
to the board design. 

Getting Ergonomic 

Although a Windows driver alone 
won’t automatically enable a nonin- 
terlaced 1,024 x 768 display, most of 
these boards are bundled with control- 
ler-specific utilities that sense when 
800 X 600 or 1,024 x 768 display res- 
olution has been invoked. They then 
take appropriate action to enable non- 
interlacing by increasing the rate at 
which the screen refreshes. 


Pushing VGA performance even 
further are the new generation of Win- 
do ws accelerators . Unlike true copro- 
cessed graphics engines like those that 
incorporate a dedicated RISC proces- 
sor or the Texas Instruments’ TI34010 
and TI 34020 vectored-graphics pro- 
cessors (TIGA) familiar to high-end 
CAD workstations (that require a sep- 
arate, standard VGA controller to 
maintain boot-up VGA compatibil- 
ity), the new Windows accelerators are 
targeted specifically at GUIs. 

Lacking the vector processors men- 
tioned above, these latest controllers 
are essentially built around superset 
VGA cores with on-chip engines to 
perform rectangular bit-block trans- 
fers (BitBlts) and line draws, which are 
the two most CPU-intensive graphics 
calls in Windows and similar GUIs. 

Surprisingly, these accelerators can 
often outperform the TIGA cards 
when it comes to running Windows. 
This can likely be attributed to the fact 
that both approaches differ greatly in 
design philosophy and target markets. 
While the TIGA or RISC-based plat- 
forms are optimized for the vectored 
graphics world of CAD, Windows ac- 
celerators are optimized for the raster- 
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based, bit-map world of GUIs. 

By relieving the host CPU of such 
mundane tasks as redrawing a window 
(BitBlts) and its border (linear line 
draws), perceived graphics speed and 
overall system throughput is marked- 
ly increased. One of the hotrods in this 
rapidly expanding field comes from a 
company called S3 (pronounced S- 
cubed), which supports HiColor. 

I recently had the opportunity to 
witness an impressive “ Windows" 
demo of an S3 Carrera-based graphics 
card (sans HiColor) given by a mar- 
keting team that really showed what 
these chips can do. Performing in 
1,024 x 768 x 256 noninterlaced 
mode, this single-chip controller (the 
demo board, looking like any typical 
SVGA card, with no 8514/A proces- 
sor) was literally snapping windows 
open and slamming them shut. Even 
text writes within Windows were near- 
ly instantaneous. A platform like this 
equipped with HiColor would make 
using Windo ws a very pleasurable ex- 
perience indeed. 

The first of these S3-based graphics 
accelerators to become commercially 
available is the Fahrenheit 1 280 graph- 
ics card from Orchid Technology 
(“1280” presumably refers to the 
1,280 x 1,024 x 16 Windows 3.0 
driver under development). Priced at 
less than $500 (with a HiColor upgrade 
to be made available), the 1 280 is defi- 
nitely worth considering. 

Another hot contender to watch for 
is the recently announced ET4000/ 
X32 graphics engine from Tseng Labs. 
These chips are a superset of the exist- 
ing ET4000/AX controller with Bit- 
Bits in hardware (up to 30 times faster 
than block transfers performed in 
software, according to Tseng Labs), 
hardware line drawing, area fills and 
more. The new controllers will also 
support 2M of video RAM, providing 
1,024 x 768 XGA (64,000 colors) and 
800 x 60024-bit true-color (16.7-mil- 
lion colors) resolutions. 

Other VGA controller manufactur- 
ers, like Weitek Corp. with its recent- 
ly released W5086 engine, are current- 
ly planning their own graphics accel- 
erators, or are already in production. 

Unfortunately, monitor technology 
hasn’t kept up with the current price- 
versus-performance pace of graphics 
cards. To take the fullest advantage of 
these cards requires relatively expen- 
sive multi-frequency analog monitors 


that can display 1,024 x 768 (or great- 
er) noninterlaced resolutions with dot 
pitch (space between pixels) of 0.28 
mm and smaller. If you plan to run 
Windows at this resolution, don’t even 
think about diagonal screen sizes 
smaller than 16". On a 14 "screen, for 
example, those cute little icons become 
unrecognizable at 1,024 x 768. And 
forget Windows word processing. 
Even with the aid of something like 
Adobe Type Manager or Bitstream’s 
Facelift , word processing under Win- 
dows on a 14" monitor at 1,024 x 768 
resolution is like reading a newspaper 
at arm’s length. 

A resolution of 800 x 600 is bare 
minimum for seeing the full width of 
a standard page of text under Win- 
dows. Seeing even half the length of 
that same page puts you back at 1 ,024 
x 768, something that’s definitely 16" 
territory to be usable over extended 
viewing sessions. 

Prices for quality 16" monitors are 
still hovering at around $1,000. Is it 
worth it? When you consider the signi- 
ficant reduction in eyestrain and fa- 
tigue and increase in productivity via 
true WYSIWYG displays that larger 
monitors offer (all items that should 
be of major concern to corporations), 
I’d have to say “yes.” Unless you are 
on a really modest budget, don’t even 
consider less than HiColor-equipped 
VGA for your next graphics card. For 
just a little more money, you can ob- 
tain a HiColor-ready Windows accel- 


Economical 

8051-BASED 

SINGLE-BOARD COMPUTERS 
$38.00 Assembled! 
(includes RS-232 interface) 

* Large Breadboard Area* 



FREE Programming Software 
(a $10.00 value!) 

please send check or money order 
US funds only, plus $2.75 s/h: 

Suncoast Technologies 

P.O. Box 5835-CC 
Spring Hill, FL 34606 


erator capable of meeting or beating 
the performance of those very expen- 
sive TIGA and RISC-based systems 
for bit-mapped GUIs. 

Tune in next month, when we’ll 
conclude with our Computer Graph- 
ics Glossary of Terms. 


Companies Mentioned 


Sierra Semiconductor 

2075 N. Capitol Ave. 

San Jose, CA 95132 

Tseng Laboratories Inc. 

10 Pheasant Run 
Newtown Commons 
Newtown, PA 18940 

VPIC Version 4.6, $20 
Bob Montgomery 
543 Via Fontana No. 203 
Altamonte Springs, FL 32714 

Brooktree Corp, 

9950 Barnes Canyon Rd. 

San Diego, CA 92121 

Truevision 

7340 Shadeland Sta. 
Indianapolis, IN 46256 

S3 Inc. 

2933 Bunker Hill Lane 
Santa Clara, CA 95054 

Orchid Technology 

45365 Northport Loop W. 
Fremont, CA 94538 
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Review By Ton Fox 


PC-Generated Printed-Circuit Boards: 
Experiences With “PCBoards” Software 


Dozens of programs on the market let you 
design printed-circuit boards directly on a 
PC /compatible computer. PCBoards ($99 
postpaid) by Ralph A. Lindstrom may not 
be the most sophisticated or advanced , but 
it has about everything needed to produce 
professional-quality artwork that can be 
used directly to fabricate at home pc 
boards of professional quality. 

Before looking at what PCBoards can 
do, let’s review its limitation in its latest 
release. Because it doesn’t permit pad spac- 
ing of less than 0. 1 ", it can’t be used to de- 
sign a board that contains surface-mount 
ICs that have 0.05 " pin spacing. Addition- 
ally, board size is limited to 6.05" x 13" 
maximum. Since the program doesn’t do 
overlays, you must generate component- 
mounting guides by hand or with a sepa- 
rate general-purpose CADD program. 

PCBoards doesn’t come with a printed 
manual; it’s a file on-disk. What it does 
have is an intuitive, game-like genius. It’s 
good-natured and enjoyable to work with. 
It’s one of those well-thought-out, simple 
programs that boosts your ego by turning 
you into an expert in half a day! 

Despite its limitations, what PCBoards 
does provide for the design of most pc 
boards is more than enough . This program 
is capable of producing excellent art on a 
Hewlett Packard LaserJet II or compati- 
ble laser printer and can be used to design 
virtually any single- and double-sided pc 
boards you might require. 

To run PCBoards , you need an IBM PC 
or compatible system with at least 384K of 
RAM and CGA or VGA graphics. DOS 
version 3 .0 or later is recommended for use 
with the Shell option. While it isn’t listed 
as a requirement, it seems foolish to run 
PCBoards without a color display. A 
mouse is nice, too, but it isn’t required. 

The latest version of PCBoards permits 
use of either CGA or VGA. I designed the 
MAG-1 1 single-board computer that ap- 
peared as a build-it-yourself project in the 
February issue of ComputerCraft using 
Version 1.65 of PCBoards , which sup- 
ported only CGA. With VGA supported 
in the later Version 1 .7, it should be even 
easier to do because more of the board will 
fit on the screen. 

Its obvious I like PCBoards. I’m not 
completely smitten by it, though. While us- 
ing this program, I discovered a few things 
I didn’t like. One had to do with the 



The PCBoards printedl-circuii design package has a fairly rich lineup of commands from 
which to choose, as shown here in menu at center of screen. 
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A wide range of single- and double-sided pc layout patterns can be generated with PCBoards, 
from very simple designs to the fairly complex example shown here. 
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‘‘Text” command. A problem occurs 
when trying to erase old text. By fiddling 
a bit, it’s possible to erase old text, but it’s 
clear something is amiss here. All in all, the 
“Text” command seemed to need a bit of 
polishing up. 

PC Boards doesn’t generate a “.bak” 
file, which can cause real problems if, in- 
stead of selecting “Load” from the menu, 
you select “save” by mistake. If you 
should make this error, you’ll get an au- 
tomatic but useless gross simplification of 
your design! Also, though the “Fill” com- 
mand may be bug-free, it’s a bit confus- 
ing to use. However, judicious application 
of the easy-to-use “Thick” command can 
do anything “Fill” can, though it may take 
a bit longer to do it. 

If you’d like to try out PCBoards , a 
demo version is available for $ 1 0, refund- 
able with purchase. The demo can do 
everything the full-blown version can do, 
except save files to disk. However, several 
sample file patterns stored on the demo 
disk can be printed out so that you can 
check for quality and compatibility with 
your printer or plotter. Included in this of- 
fer are demo versions of an auto-router 
(PCRoute) and a schematic-drawing CAD 
program (SuperCAD). 

The positive photographic technique is 
the simplest method of making printed- 
circuit boards using PCBoards. You can 
make pc boards directly from the artwork 
produced on a Laser printer. To use the 
artwork generated in this manner, you 
must place the bottom (solder-side) art- 
work printed side down (in contact with the 
board and top (component-side) artwork 
printed side up. 

I used PCBoards and an Okidata 400 
laser printer to design and print out the pc 
guides shown in the MC68HC 1 1 SBC arti- 
cle referenced earlier. Laser printers will 
print on suitable clear transparencies. 
However, some nearly transparent vellums 
seem to do a better job and are easier to 
touch up with a pen. The main difference 
is that vellum requires the UV exposure 
light be left on for 10% to 30% longer time 
period than with a transparency. Exact 
time depends on the light transmission 
characteristics of the vellum used. 

To ensure solidly opaque artwork, you 
must set your laser printer to maximum 
darkness. Also, manually feed the vellum 
and set the printer so that the finished copy 
feeds out the back and not the top. I’ve 
used several different types of vellum. 
Most worked okay, but Micro 100% Rag 
Vellum Tracing Paper from the Dick Blick 
Art Catalog (Cat. No. 931218) gave best 
results. With this and GC Electronics’ pos- 
itive-photoresist-sensitized pc blanks, I de- 
termined that about 15 minutes of expo- 
sure time to a 275-watt sunlamp with re- 


flector at a distance of 1 2 " produced good 
boards. Of course, you should always run 
a small sample test before attempting to 
make a large, expensive board. 

I detected one problem in the initial 
tests. The corners of thin traces didn’t al- 
ways come out well. They sometimes left 
a tiny break in what should have been a 
solid “foil” pattern. I repaired these 
breaks with a touch-up pen. It would cer- 
tainly be an annoyance if I had to repeat 
this touch-up procedure every time I gen- 
erated pc-guide artwork. Regardless of the 
cause, the problem disappeared after I ran 
out a few later pc guides and hasn’t arisen 
since. Perhaps my new printer had to set- 
tle down, as this was the first thing I tried 
printing with it. 


The real test came after etching. The 
board turned out nearly perfect. I detected 
neither short circuits or breaks either vis- 
ually or with an ohmmeter. 





HOME AUTOMATION! 


InTrol-PC provide* futuristic: 
BURGLARY PROTECTION 
ENERGY MANAGEMENT 
FIRE PROTECTION 
EMERGENCY/MEDICAL 
APPLIANCE CONTROL 
and much more for your home! 
Amazing NEW device you can build in 
one evening! Construct for less than $150.00. 
Easy toolkas installation! Does more than 
systems costing thousands! Uses IBM- PC or 
compatible. Comes with POWERFUL yet 
easy-to-use software that is unlike any other. Save money 
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Model TDD-8 decodes and displays all 16 DTMF digits and 
provides an ASCI 1 serial output, Digits are displayed on eight 
LED’s. 32 character buffer can be scrolled. It will accept 
almost any audio source such as a tape recorder, telephone 
answering machine, scanner, etc Perfect for remote 
computer data entry using a telephone keypad Serial output 
can be connected to your computer. IBM compatible software 
included for displaying, storing/printing time, dale and number 
for automatic logging Assembled/tested circuit board, ready to 
use! 30 day money back guarantee! 

V1SA/MC ACCEPTED 

TDD-8 DTMF DECODER/DISPLAY/ASOII $99.00 
CAB-1 AUDIO & COMPUTER CABLES $20.00 
PS-12 1 10VAC TO 12VDC POWER PACK $1 0.00 
PMK-1 PLASTIC MOUNTING KIT $15.00 

Add $5.00 S/H USA/Canada, $10.00 foreign 
MoTron Electronics, 310 Garfield St, #4 
Eugene, OR 97402 

ORDERS: 800-338-9058 (USA/Canada) 
INFO: 503-687-2118 FAX: 503-687-2492 
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Affordable 8031 Development 

Single Board Computers, Assemblers, Compilers, Simulators, and EPROM 
Emulators. Ask about design and manufacturing services for your product! 


The Control-R series of single 
board computers make prototyping 
and one-of-a-kind projects easy and 
affordable. Both feature 8K EPROM, 
RS232 port, Port 1 & 3 access plus: 

Control-R Model 1 $49.95 
5vdc operation, 3 M x4'\ assembled. 

Contrl-R Model 2 $79.95 
Model 1 features + 8K RAM and ex- 
pansion bus. 3.5 M x4.5" 


8031 "C” Compiler $200.00 

Full featured K&R style C develop- 
ment system includes compiler, as- 
sembler, linker, documentation and 
complete library source code. High 
level language plus in-line assem- 
bly code gives you the best of both 
worlds. 5 memory models allow 
code generation for any 8031 de- 
sign — even those with no external 
RAM! MSDOS360K disk. 


Cottage Resources Corporation 
Suite 151, 10271 South 1300 East 
Sandy, Utah 84094 USA 
VISA/MC, COD. Call to order: (801) 269-2975 


CIRCLE NO. 66 ON FREE INFORMATION CARD 

May 1992 / COMPUTERCRAFT / 71 


Say You Saw It In ComputerCraft 




GUI GutS By Yacco 



Fitting More Power into Windows 
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This is Windows with 

Guardian Utilities (GU) 


i? 



Zeus Microsystem’s “Guardian Utilities” opening screen under Windows. 


A new column, GUI Guts , makes its debut 
this month . In each issue , it will offer tips , 
tricks and applications that increase the 
productivity of graphical user interfaces 
(G UIs). Microsoft Windows will receive a 
lion ’s share of the attention here — so long 
as its momentum leads the other GUIs. But 
other alternatives will be covered as well. 
Readers are invited to correspond with 
questions about , or favorite tips and tricks 
for , their favorite GUIs. 

It doesn’t take much effort for a DOS 
power user to become a Windows power 
user. The mark of a power user is an abili- 
ty to extend into the full capacity of the 
computing environment. It means know- 
ing the tools and how to use them. With 
DOS, it’s intimately knowing the grit and 
smell of hordes of commands. With the 
more intuitive GUI interface, such depth 
is somewhat de-emphasized, and the pow- 
er user’s acumen can be transferred to a 
greater breadth of applications. It’s not 
surprising, therefore, that power users 
tend to collect tools like suburbanites col- 
lect at a Sears fire sale. 

Such power users are likely to find Mi- 
crosoft Windows a cramped environment. 
As more and more applications are 
opened, the desktop becomes so cluttered 
that, soon, most windows are likely to be 
iconic. Congestion is only likely to get 
worse. Version 3. 1 is expected to lift cer- 
tain restrictions imposed by the current im- 
plementation of Windows and support a 
far greater number of applications. 

Fortunately, keeping all those applica- 
tions open and readily productive isn’t 
hopeless. If you’ve got the right Windows 
utilities, it’s possible to open an enormous 
number of applications — simultaneously 
— without having them chock-a-block , one 
upon the other. 

All of these utilities work their miracle 
in much the same way: by providing Win- 
dows with a virtual desktop. This is essen- 
tially a workspace that’s some multiple of 
your monitor. With a virtual desktop, you 
can conveniently fit your contact manager, 
calendar, spreadsheet, word processor, 
database and everything else into Win- 
dows. It’s also possible to quickly jump 
among several applications sharing the 
same data. A spreadsheet, charting pro- 
gram, presentation program, word proc- 
essor, and desktop-publishing program 
could all be open — sharing a chart and 


underlying data — with instant access to the 
formatting, editing and publication tools 
in each application. 

Windows doesn’t know when a virtual 
desktop is installed, and neither do the ap- 
plications. The utilities create and manage 
the workspaces with desktop maps that let 
you move applications from area to area. 
The maps also let you move your display 
between areas — something like the way 
scroll bars let you move over large docu- 
ments within an application window. 

Guardian Utilities 

A simple example of these tools is the “vir- 
tual large desktop” in the Guardian Utili- 
ties (GU). It’s two-by-two configuration 
is fixed, but GU, alone among workspace- 
clone artists, allows you to move from area 
to area by simply moving your cursor. You 
can also move around with hot keys or its 
desktop map. Its map does lack the abili- 
ty to follow active applications or float to 
the top of active Windows, but you can 
switch to any area without regard to the ex- 
istence of applications there. 

GU includes other utilities, such as 
screen notes, a screen saver and animated 
wallpaper. And although GU lacks a few 
luxuries, such as automatic installation, 
it’s a solid product that, at $19.95, costs 


less than many shareware programs. Any- 
one can afford to experiment with it. 

Amish Utilities 

Big Desk is shareware. However, it’s been 
incorporated into a commercial product 
called Amish Utilities that will ship in 
April. You can try the shareware, but AU 
is where development will continue, and 
as part of the collection, Amish Desk (as 
it’s now called) has been modified and in- 
tegrated with other utilities. It has a com- 
mon look-and-feel and shares a common 
DLL library with an applications launcher 
that can serve as the Windows shell, quite 
sophisticated screen notes and on-screen 
status monitors for memory and clock 
functions. 

Amish Desk (AD) lets you select up to 
64 areas that are easily navigated via its 
desktop map. The map, or its icon, can be 
made to follow the active application and 
stay on top (float) of other windows. 

Versions of AD are already in develop- 
ment for OS/2 and NT. So AD will have 
an early advantage for multi-platform 
GUI environments. (In fact, if you’re go- 
ing to Windows World in Chicago, presi- 
dent Ted Matsumura promises that you’ll 
be able to see it running on NT in the 
Microsoft booth.) 
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The main menu of hDC’s Power Launcher utility, shown at left, includes a Virtual Desktop Map. The screen at the right is an example of 

the utility’s PowerApps screen. 


Power Launcher 

This utility package from h DC includes an 
advanced launcher and four utilities: 
screen saver, keyboard macros, mouse 
macros and floating toolbox builder (more 
macros). Its virtual desktop is part of the 
launcher, as is the screen saver, and it is 
very slick. You can even have applications 
automatically open to exact sizes at specific 


locations on each desktop area. Navigation 
is through the desktop map — the only one 
of these maps in a sizable window. It can 
produce up to 64 desktop areas, and has 
both follow and float features. I wouldn’t 
be surprised if it shared some core technol- 
ogy, or development staff, with AD. 

The Power Launcher and toolbox build- 
er, though, are all on their own. It’s the 


depth of these applications that really sets 
this utility apart. Nothing else has their 
automated macro-generation buttons and 
dialogs. They also have a recorder, and for 
hacking, there’s complete documentation 
of the macro-language’s syntax and se- 
mantics. Yet while “Power” is far from 
a misnomer, it doesn’t take a Ph.D. in C 
to figure it out, either. Despite its one or 


PHQ1 programmable controller 
QUO I BOARDS 

Common features: • 8031 AH CPU. • 11.0592 MHz clock 
speed, User interface is via a terminal emulator program 
running on a host computer and linked through the RS232 
Serial Port on the controller board. 



• 32 K FLASH MEMORY 
{Eliminates the need for Programmer 
and UV Eraser} 

• 16 K EPROM and 8 K RAM 

• 32 Buffered I/O lines 

Assembled and Tested board S 155 ^ 


DG32F Board (4.80"x6.00") 


• 16 K EPROM and 8 K RAM 

• 32 Buffered I/O lines 

Assembled and Tested board $129 ^ 


• On board 8 or 16 K EPROM, 

8 or 32 K RAM capacity 

• Ports 1 and 3 processor lines on 20 pin 
headers, I/O expansion lines on 20 p. 
header 

Assembled and Tested board S 80 

KITS, Power supplies, Support and Application Software available. 



DG31 Board ( 4.5"x5.5 ") 



EMC32 Board ( 3.00"x4 00 ") 


L.S. ELECTRONIC SYSTEMS DESIGN 

2280 Camilla Rd. Mississauga. Ontario, Canada 
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Precession beateri 

Would you spend $19.95 to save $35.00 
on software and computer accessories? 

And own it with a warrantee on quality? 

Retail Price Your Cost 

• Silent Service II 59.95 36.27 

• F-15 Scenario Disk 

Operatio n Desert Storm 29.95 18.13 

AND MORE! YOU SAVE... 3550 


THERE'S LOTS MORE SAVINGS ON: 

Software Hardware 

IBM PC / Compatibles • Joy Stick 
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two flaws — an occasional minor instability 
and an annoying copy-control installation 
— Power Launcher unquestionably gives 
you the most bang. 

WideAngle 

Wide Angle is neat. There are enough op- 
tions to customize it for any taste I can im- 
agine, even the kinky ones, within its fixed 
three-by-three configuration. (Of course, 
I know of these uses for Windows only 
second-hand .) Its X-ray view, for instance, 
lets you see all of the apps in an area at the 
same time. You can move icons across area 
boundaries in the desktop map, though 
you can’t directly drag windows between 
areas. You can automatically open ap- 
plications in a particular desktop area also. 

WideAngle is powerful but moderately 
complex if you want to take advantage of 
its full power. Hot keys will navigate the 
workspaces, or bring specific windows into 
them, only if you program them. You can 
also create up to nine different “groups” 
that can be used to open applications when 
WideAngle starts. Naturally, this requires 
configuration. It also requires use of more 
than a single menu. Nevertheless, although 
it’s not as intuitive as I’d like it to be, Wide- 
Angle lets you use iis basic features easi- 
ly. Its map will follow you around. It’ll 
float over other applications, too. 

MoreWindows 

There’ s one more utility that provides a vir- 
tual desktop . However, it does it in a very 
different way from the rest. MoreWin- 
dows is actually a special set of drivers; a 
program that makes it possible to install 
them. (The Windows Setup program can 
return to any other driver. So, I suspect 
that requiring an installer is simply an in- 
nocuous form of copy control.) Since it’s 
implemented as a driver, MoreWindows 
doesn’t clone the desktop area. Instead, it 
uses more pixels as would a larger monitor. 
Rather than several workspaces, it pro- 
vides one large one. Unexposed areas move 
into view as the cursor approaches them. 

The great advantage of More Windows 
is that, because it works like a larger 
monitor, applications can display larger 
windows. PageMaker can display a full 
page or a pair of pages side-by-side, de- 
pending on the model you select. (There 
are four for EGA and five for VGA.) In- 
stead of using scroll bars that require ap- 
plications to tediously re-draw parts of the 
screen, you can instantly move back and 
forth over whole pages. 

As far as applications are concerned, the 
other virtual desktops provide additional, 
not larger, workspaces. Applications don’t 
get any larger than usual, and you’re left 
scrolling documents as you would normal- 


ly. However, you can conveniently use 
More Windows with all of the other virtual 
desktops, except WideAngle. Guardian is 
also somewhat less efficient with More- 
Windows. (Their maps don’t compensate 
for the change in scale and , consequently, 
grow unwieldy.) 

The only drawback is that the current 
version of More Windows uses only a VGA 
graphics mode for its virtual output. It 
doesn’t support either 256- or true-color 
adapters. Nor will it drive a monitor at 
more than 640 x 480 resolution. (Inciden- 
tally, for those in the know, while the 
documentation for all these products was 
at least satisfactory, the brief but im- 
pressive More Windows manual was done 
by none other than Daniel Will-Harris.) 

Nonetheless, wrap your eyes around any 
of these tricksters, and you’ll soon be 
displaying more applications than ever 
before. Use the cloners for high-resolu- 
tion, high-color paint or drawing pro- 
grams. Use More Windows for page-layout 
in word processing, desktop publishing, 
spreadsheet publishing and forms design. 
Even use them in combination to display 
several layouts at once. But watch out, you 
may need to get some suspenders for your 
tool belt. 
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Teaching System” 
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MIRACLE 



Did you have to take music lessons when 
you were a kid? I remember taking piano 
lessons when I was seven or eight and, like 
many kids, disliking them intensely. Not 
only were the endless scales boring and dif- 
ficult to master, but having to walk several 
blocks every day to use a family friend’s 
piano on which to practice just added in- 
sult to injury. As you might imagine, like 
a lot of kids who had piano lessons foisted 
on them, I soon talked my parents into let- 
ting me free from the “piano tedium.” 

As an adult, now I wish I hadn’t been 
so successful in weaseling out of my les- 
sons. Over the years. I’ve picked up some 
facility in chording on a guitar, but despite 
several false starts in trying to learn piano 
by myself (remember those old advertise- 
ments for a mail-order music course that 
started out “They all laughed when I sat 
down at the piano..”?), the $30 to $50 an 
hour cost of piano lessons, along with 
hours of tedious practicing of scales and 
hand exercises, have kept me far from a 
career as a piano virtuoso. 

Perhaps it’s this frustration that has me, 
as a parent of four, wanting my kids to 
learn a musical instrument. But with my 
hoard, technology might make learning a 
musical instrument a great deal easier. An 
outstanding example of an educational use 
of a PC is the Miracle Piano Teaching Sys- 
tem from The Software Toolworks. 

As its name implies, the Miracle Piano 
Teaching System ( MPTS) is somewhat 
more than just another electronic musical 
instrument. As with any system, it consists 
of several components. Two are physical: 
an electronic keyboard and software for 
whichever system with which you’re using 
the MPTS (it’s available, or soon will be, 
for IBM, Amiga, Macintosh, NES and 
Super NES computers). The last, and prob- 
ably most important part of the system is 
somewhat more metaphysical — a very clev- 
erly crafted and well-thought-out and im- 
plemented approach to teaching the basics 
of playing piano and sight-reading music. 

I first saw the MPTS demonstrated at 
the Fall 1990 COMDEX show in Las 
Vegas. At that time, the Toolworks was 
just getting ready to introduce the first 
model, which worked in conjunction with 
the Nintendo Entertainment System (NES). 
A cable from the Miracle was plugged in- 
to the first controller socket, and the 
Miracle program cartridge plugged into the 
NES control deck. You followed the pro- 


gram on your TV receiver and used the sec- 
ond game controller to advance screens as 
lessons progressed. 

At that time, it knocked me out; so I im- 
mediately requested a review unit, hoping 
to become somewhat familiar with the sys- 
tem until the PC version was ready. Unfor- 
tunately, none of the three units I tried 
worked reliably, and the quality of the TV 
image was, at best, poor. I can’t blame this 
on the Miracle, as games played on our 
Nintendo also tend to take a sharp left turn 
frequently (with four kids in the house, I’m 
surprised when things do work reliably!). 

The Miracle enjoyed some modest suc- 
cess that Christmas season. For the holi- 
days that have just past, the Toolworks 
finally had the PC version ready and in 
stores. I decided to take another look , and 
I’m glad I did. It was worth the wait. 

The Keyboard 

Obviously, an important part of any sys- 
tem that purports to teach one how to play 
the piano is a keyboard. Some home-study 
courses assume you have a standard piano 
or an electronic keyboard available, but 
the Miracle’s keyboard, though it doesn’t 
look it, is a bit different from what you can 
buy in a department or music store. 

At first glance, the Miracle keyboard 
looks very much like any generic Casio, 
Y amaha or other electronic keyboard sell- 


ing in the $250 price range, though it has 
far fewer buttons than most department- 
store bargains. The keys are just about 
standard size, and the 31!4" long by 13" 
wide case contains 49 of them instead of 
the standard 88 keys normally found on a 
full-size piano . The missing octaves on the 
top and bottom won’t really make any dif- 
ference in your learning how to play. By 
the time you get to the difficulty level where 
they’re important, you’re far beyond what 
the Miracle System has set out to teach. 

The big differences in this package 
aren’t apparent from a casual glance at its 
contents. Firstly, just like with much more 
expensive keyboards, the keys are veloci- 
ty sensitive so that the harder you press 
them, the louder the sound obtained. A 
standard mechanical piano has a 
somewhat different feel, but it operates ex- 
actly the same way — pound the keys for 
loud music, gently press them for softer 
notes. Also, like many of the better elec- 
tronic keyboards, the Miracle is a MIDI 
device. MIDI is a specialized form of serial 
network that was developed specifically to 
link electronic musical instruments with 
each other and with computers. 

As with any MIDI device, the Miracle 
can control, and be controlled by, other 
MIDI devices. Eight innocuous rocker 
switches can be used to select the “patch,” 
or instrument voice, as well as control vol- 
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ume level when the Miracle is being used 
in its stand-alone mode. 

The Miracle contains 128 different in- 
strument sounds, including various piano, 
organ, guitar, bass, percussion and wood- 
winds. These patches are detailed in one 
of the two manuals that accompany the 
system. They can be selected from the top 
switches, another MIDI device or a com- 
puter-controlled sequencer package. The 
keyboard is 16-note polyphonic. That is, 
you can play 16 different notes at the same 
time, and the keyboard can be split so that 
the top and bottom halves are different in- 
strument patches. 

Sound emerges from two top-mounted 
stereo speakers (which sound pretty good), 
or it can be routed through an audio or 
musical instrument amplifier. There’s a set 
of stereo phono jacks on the unit’s back 
panel. The Miracle keyboard has an addi- 
tional DB-25 connector beside the MIDI 
port for connecting the keyboard to a com- 
puter or game system. Though it’s not 
detailed in the documentation, the extra 
DB-25 connector provides access to a fairly 
standard serial port. 

Finally, unlike many lower-end key- 
boards, the Miracle doesn’t run on battery 
power. You must use a supplied ac power 
supply. To top off the Miracle package, the 
Toolworks includes earphones, a foot ped- 
al made of conductive rubber that you use 
as a damper pedal or instead of the mouse/ 
space bar to advance the lesson and a spe- 
cial serial cable to attach the keyboard 
to your PC. 

The Software 

The second physical component of the 
Miracle Piano Teaching System, and the 
metaphysical basis that makes the system 
work so well, is the supplied software. In- 
stalled from two 1.2M 5!4"or three 720K 
3 l A " diskettes , the software is both interac- 
tive with the keyboard and adaptive. Inci- 
dentally, while the software isn’t copy pro- 
tected, it’s in a compressed format. Soft- 
ware Toolworks recommends backing up 
the installed software, rather than copy- 
ing the disks. 

The two keys to the software’s utility are 
the degree of its interaction with the key- 
board and the way it adapts the lesson plan 
and presentation as a result of this 
interaction. 

When you enter the program, you are 
presented with an overhead view of a 
“music school.” The different rooms de- 
fine different activities you can perform. 
The first stop is “Administration,” where, 
you register yourself as a student (so that 
the system can keep track of multiple us- 
ers), set preferences (like which serial port 
you’re using and whether you want to use 
the foot pedal to advance the screens) and 


print out certificates of completion as you 
finish each of the 36 lessons that comprise 
the course. The other rooms are the Class- 
room, Practice Room, Performance Hall, 
Arcade and Recording Studio. 

Most of your time will be spent in the 
Classroom, Practice Room and Arcade. In 
the Classroom, lessons are presented on a 
“chalkboard,” and you are asked ques- 
tions and encouraged to try out what’s be- 
ing presented. As you progress through a 
lesson, you play along with a screen presen- 
tation while your performance is analyzed. 

For more formal practice, you move to 
the Practice Room, where you can select 
from a variety of pieces at each lesson level. 
Finally, when you’re comfortable with a 
piece, the Performance Hall lets you play 
with accompaniment from the Toolworks 
Orchestra (the computer plays the other in- 
strumental parts through the Miracle 
keyboard). 

The Arcade lets you practice vital skills 
through clever games. For example, the 
shooting gallery has you knock off ani- 
mated ducks swimming along the treble 
clef by hitting the correct note on the key- 
board. Likewise, chords are practiced 
in the Ripchord game. If your preference 
is to just listen to the Miracle play, the 
J ukebox can be set to play any piece that ’ s 
contained in the lessons with full orches- 
tral accompaniment. 

Finally, there’s the recording studio, 
which is actually a pretty neat eight-track 
sequencer that lets you record and play 
back your own compositions. I played 
around with it a bit, but to really get any 
use out of the Recording Studio, you have 
to get a bit further along in the lessons. 

Having gotten at least somewhat famil- 
iar with the NES version of the Miracle, 
I was impressed with just how much bet- 
ter the PC version is. Obviously, because 
the PC has a much greater program space, 
the software can be more sophisticated 
than what can be contained in a NES 
ROM/game cartridge. The NES version 
leaves off such niceties as the ability to 
track multiple users, the Recording Studio 
and the Jukebox. The graphics on the PC 
version are also vastly superior, especial- 
ly when viewed in VGA mode. 

The basic adaptive technology used is 
the same in all versions of the MPTS. The 
software monitors the keyboard as you go 
through lessons and exercises, noting if 
your timing is off, whether you’re hitting 
the correct notes and if you’re pressing the 
keys with the correct amount of pressure 
and releasing them too soon or holding the 
note too long. It uses this information to 
determine how rapidly you should be pre- 
sented with the next technique or if you 
need more practice. And it never gets im- 
patient or annoyed with you. 
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Of course, if you think you need more 
practice in an area, or you’re not sure you 
understand something, you can back up as 
far as you’d like to or simply repeat past 
lessons. You can also jump ahead should 
you wish to do so. I’ve seen a lot of CAI 
(Computer Assisted Instruction) over the 
years (in fact one of my first program- 
ming jobs more than two decades ago was 
in this area), and the Miracle system is one 
of the best-implemented CAI applications 
I’ve ever run across. 

Is It Really a Miracle? 

Not really, but it comes very close to be- 
ing one. Let’s face it, there’s no “miracle” 
way to learn how to play any musical 
instrument well. To become proficient in 
anything, playing piano included, takes 
lots of practice and a fair amount of time. 
The MPTS suggests that it should take 
about six months to complete the lessons 
and that you should try to use the system 
for 45 minutes to an hour a day. In the real 
world of human teachers, this is about the 
same amount of time you’d be spending 
practicing, though it’s possible to pick up 
things a bit faster with the excellent 
organization and approach the Miracle 
provides. With a little applying yourself, 
you ’ll be playing simple two-handed pieces 


in one to three weeks. And when the 
Miracle orchestra accompanies you, even 
“Mary Had a Little Lamb” sounds good ! 

At the same time, it’s work to practice 
so much. After 30 or 40 minutes on the 
Miracle, my hands ache. It makes practice 
a lot more enjoyable, though, especially 
when compared to the dry rote method of 
running scales still extensively used in 
teaching piano. But you still need to prac- 
tice to become proficient, even if it takes 
the form of shooting ducks off the scale 
in the shooting gallery. 

While the software does a good job of 
evaluating your performance, it doesn’t 
have quite the insight that a good human 
teacher has. For example, it can’t really de- 
termine if your hand positioning needs 
more work, if you’re actually using the 
right Fingers on the key or if your eyeglasses 
need cleaning. 

At a retail price of $479 (for the PC ver- 
sion), the MPTS costs less than a few 
month’s worth of a decent piano teacher’s 
visits and is available when you are. Several 
available ‘ ‘music packs’ ’ add lots of addi- 
tional practice pieces, should you master 
all of those included with the system. The 
system’s game-like approach makes the 
thought of piano lessons a lot less threaten- 
ing to your kids, should you be consider- 
ing the unit for them rather than yourself. 


In the Final analysis, whether the Miracle 
Piano Teaching System is worth the price 
depends on whether or not you (or your 
children) will stay the course. There’s no 
easy way, but the Miracle Piano Teaching 
System does make learning to play the 
piano a lot less painful. 

I frequently like the products I review 
in this column, but in the more-than-four 
years I’ve written this column, there 
haven’t been all that many products on 
which I’d spend my own money. I’d like 
my oldest to get about a year older before 
I get my own Miracle so that he won’t have 
so much difficulty because of his small 
hand span. But I had so much fun with the 
system while reviewing it, I don’t know if 
I’ll have the patience to wait. 

If you’ve always wanted to surprise your 
friends by sitting down at the piano, give 
the Miracle Piano T eaching System a good 
hard look . It just might be a fun way to go. 


Miracle Piano Teaching System, $479.95 
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A New Neuron Chip, Multiple Array Matrix 
EPLD, New NEC Microcontrollers and a 
Dual RS-232 1C 


Companies come out with breakthrough 
technologies almost as fast as we can report 
on them. This column highlights a new 
neuron chip from Motorola and a new 
Multiple Array Matrix EPLD from Altera. 

Neuron Chip 

Motorola’s (MOS Digital-Analog Inte- 
grated Circuits Div. , P.O. Box 6000, Aus- 
tin, TX 78762) newly-announced MC- 
143150 Neuron Chip is an intelligent con- 
troller capable of running Echelon’s LON- 
Talk Protocol. The Neuron Chip is the 
heart of LONWorks-based intelligent dis- 
tributed control applications. This chip is 
based on a multi-processor architecture 
that contains the complete seven-layer 
LONTalk communication protocol in 
firmware. 

In the LON Works technology environ- 
ment, the chip can support communication 
over a variety of media, including twisted 
pair, power line, fiber-optic, radio fre- 
quency and others. 

Motorola is also licensed by Echelon to 
sell to its customers the LONBuilder Devel- 
oper’s Workbench. This is a comprehen- 
sive set of tools for building LONWorks- 
based intelligent distributed control 
applications. 

In support of LONWorks, Motorola 
has placed LONBuilder development tools 
and trained application engineers in sales 
offices across North America. With LON- 
Builder tools and engineers in the field, the 
company expects to provide any level of 
support for both hardware and software 
inquiries relating to LONWorks. 

Motorola also provides an extensive lit- 
erature package that’s available through 
the field sales offices. Order under part 
number LONPak/D. 

Among the technical features of the 
Neuron Chip you’ll find: 

• Three eight-bit pipelined processors for 
concurrent processing of application code 
and network packets 

• An 1 1-pin I/O port that’s programmable 
in 24 modes for fast application program 
development 

• Two 16-bit timer/counters for measur- 
ing and generating I/O device waveforms 

• A five-pin communications port that 
supports direct connect and network trans- 
ceiver interfaces 

• 1 ,024 or 2,048 bytes of static RAM for 


buffering network data and storing net- 
work variables 

• 5 1 2 bytes of EEPROM with an on-chip 
charge pump for flexible storage of address 
and binding data 

• An external memory interface to support 
large application programs 

• A sleep mode to reduce power con- 
sumption 

• A unique 48-bit ID number in every de- 
vice to facilitate network installation and 
management. 

Price per Neuron Chip in 1,000-piece 
quantity is $ 1 1 .78. It’s available in a 64-pin 
quad flat-pack. 

Multiple Array Matrix Debuts 

Altera Corp. (2610 Orchard Pkwy., San 
Jose, CA 95134) has introduced the first 
two members of its Multiple Array matrix 
(MAX) 7000 family of high-density, high- 
speed erasable programmable logic devices 
(EPLDs), the EPM7256 and EPM7032. 

The EPROM-based EPM7256 has 256 
macrocells and provides a 70-MHz in-sys- 
tem clock rate. The device has 164 user I/O 
pins and 10,000 available gates, providing 
5,000 usable gates in most logic designs. 
This makes it a good programmable alter- 
native to gate arrays. The EPM7256 is of- 
fered in a 1 92-pin erasable, windowed cera- 
mic pin-grid array (PGA) package. A 
208-lead quad flat pack (QFP) version will 
be offered in mid-1992. 

The 32-macrocell, 44-pin EPM7032 is 
Altera’s first EPLD manufactured on 
EEPROM technology and reveals a strate- 
gy to expand MAX 7000 technology offer- 
ings from EPROM exclusively to EEPROM 
as well. 

Because MAX 7000 architecture is tech- 
nology-independent, the EEPROM- 
based, 44-pin EPM7032 shares the same 
advanced architectural features as the 
EPROM-based EPM7256. Structurally, 
the only difference is that the EPM7032 
uses EEPROM transistors to construct its 
logic arrays, whereas the EPM7Z56 uses 
EPROM transistors. In use, the only dif- 
ference the device user will notice is how 
the part is erased. With EPROM, UV-en- 
ergy is used, and with EEPROM, an elec- 
trical pulse replaces UV energy. 

Offered in an erasable, plastic leaded 
chip carrier (PLCC), the logic density, 
1 2-ns logic delays and 83 . 3-MHz in-system 


performance of the EPM7032 make it well- 
suited for integration of multiple PAL or 
GAL designs or the implementation of 
complex state machines, counters, decod- 
ers and other glue-logic functions. 

MAX 7000’s architecture differentiates 
itself from other EPLDs and FPGAs by 
utilizing a Programmable Interconnect Ar- 
ray (PIA) that provides a single, uniform 
signal delay between any two logic ele- 
ments on the device. Unlike cumulative 
and variable logic delays inherent in gate 
arrays and channel-routed FPGAs, the 
PIA in MAX 7000 gives predictable per- 
formance without significant signal skew. 
In addition, MAX 7000 ’s macrocell archi- 
tecture provides fast parallel and flexible 
shared logic expanders to support efficient 
implementation of logic. The result is a 
unique combination of high performance 
and usable density that fits the widest range 
of logic applications. 

The entire MAX 7000 family of EPLDs 
will be supported by Altera’s MAX- 1- 
PLUS II software available on PC and 
workstation platforms. On the PC, Altera 
offers a complete Windows 3 .0-based de- 
sign system including schematic, text and 
waveform design entry, as well as automat- 
ic logic synthesis and design partitioning 
into multiple EPLDs. Available design 
verification options include a full timing 
simulator, timing analyzer and delay pre- 
dictor. 

For Sun and HP/Apollo workstation 
platforms, Altera of fers the MAX + PLUS 
II compiler with industry-standard elec- 
tronic design interchange format (EDIF) 
netlist input and output to effectively work 
with standard CAE tools from Cadence/ 
Valid, Logic Automation and Mentor 
Graphics. 

The EPM7256GC 1 92 is available in sin- 
gle unit quantity for $395, and the EPM- 
7032LC44 is priced at $14.75 in 100- 
piece quantity. 

Eight-Bit Microcontrollers 

NEC Electronics (401 Ellis St., P.O. Box 
724 1 , Mountain View, CA 94039) has add- 
ed five new microcontrollers to its high-end 
K2 family. The eight-bit single-chip prod- 
ucts feature increased memory sizes and 
sophisticated control of peripherals via a 
Macro Service Transfer Facility provided 
by a Peripheral Management Unit within 
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MAX249 Functional Description 

10 Receivers 

5 A-Side Receivers 
5 B-Side Receivers 

6 Transmitters 

3 A-Side Transmitters 
3 B-Side Transmitters 

4 Control Pins 

Enable Receiver A-Side ( ENRA ) 
Enable Receiver B-Side (E NRB) 
Enable Transmitter A-Side ( ENTA ) 
Enable Transmitter B-Side (ENTB) 


+5V 



Fig. 1. The MAX249 transceiver has six RS-232 drivers and 10 RS-232 receivers that make up two complete Data Terminal Equipment 
(DTE) serial ports on a single chip. 


the CPU. The five new products are the 
/iPD78217A, /iPD78218A, /iPD78237, 
/iPD78238 and /iPD78P238. 

K2 is an eight-bit family of CMOS mi- 
crocontrollers that are designed for real- 
time embedded control applications. 
NEC’s K2 family offers large on-chip 
memory capacity, including products with 
up to 32K of ROM and IK of RAM. K2 
members can address up to 64K of pro- 
gram memory and 1M of data memory. 
Operating at 12 MHz, K2 devices execute 
their fastest instructions from internal 
ROM/PROM in just 333 ns, or external 
memory at 500 ns. 

All K2 products include the patented 
Macro Service Transfer Facility that great- 
ly reduces the interrupt load on the CPU 
by handling many of the repetitive service 


requests that normally require the CPU to 
execute a time-consuming interrupt service 
routine. Tasks commonly handled by 
Macro Service include output of a sequen- 
tial pattern to drive a stepper motor (with 
ramping of speed) and movement of blocks 
of information like movement of a buffer 
of data via a serial port. 

Within the K2 family are a number of 
product lines. The five new products 
have been added to the /*PD7821X and 
^PD7823X lines. 

The two new additions to the /iPD782 1 X 
line are a ROM-less version 0*PD782 1 7A) 
offering IK RAM and a mask ROM ver- 
sion 0*PD782 1 8A) with 32K ROM and 1 K 
RAM. NEC plans to introduce an 
EPROM/OTP version (/iPD78F218A) 
that features 32K EPROM in the first half 


of 1 992. All /iPD782 IX devices include the 
following peripherals, most of which are 
supported with Macro Service: 

• 54 general purpose I/O lines 

• Real-time output port (two four-bit or 
one eight-bit) 

• A/D converter (eight-bit, eight-channel) 

• UART for RS-232 interfaces 

• Serial I/O port for micro-to-micro or 
peripheral communication 

• One 16-bit timer 

• One eight-bit timer/event counter 

• Two eight-bit timers 
•Two timer-capture registers 

• Six timer-compare registers 

• One timer-capture or -compare register 

• Four pulse-width modulated (PWM) 
outputs from the timers 

Three remaining microcontrollers add- 
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ed to NEC’s /iPD7823X line are a ROM- 
less version (/xPD78237) with IK RAM, a 
mask ROM version (/xPD78238) with IK 
RAM and 32K ROM and an EPROM/ 
OTP version 0xPD78P238) with IK RAM 
and 32K EPROM . All ^PD7823X devices 
include the following peripherals, most of 
which are supported with Macro Service: 

• 64 general purpose I/O lines 

• Real-time output port (two four-bit or 
one eight-bit) 


• A/D Converter (eight-bit, eight-channel) 

• D/A Converter (eight-bit, two-channel) 

• One 16-bit timer 

• One eight-bit timer/event counter 

• Two eight-bit timers 

• Two timer-capture registers 

• Six timer-compare registers 

• One timer-capture or compare register 

• Four PWM outputs from the timers 

• Two modified 12-bit PWM outputs 
K2 devices can be used for motor con- 


48 HOUR 
SHIPPING 


ELENCO & HITACHI PRODUCTS c ;™ : 


AT DISCOUNT PRICES 


1-800-292-7711 


Hitachi RSO Series 

(Portable Real-time Digital Storage Oscilloscopes) 

VC-6023 - 20MHz. 20MS/S $1 .695 

VC-6024 - 50MHz. 20MS/S $1,995 

VC-6025 - 50MHz, 20MS/S $2,195 

VC-6045 - 1 00MHz, 40MS/S $2,995 

VC-6145 - 100MHz, 100MS/S $4,495 

RSO's from Hitachi feature roll mode, averaging, save 
memory, smoothing. Interpolation, pretriggertng, cursor 
measurements. These scopes enable more accurate, 
simplier observation of complex waveforms, in addition to 
sucb functions as hardcopy via a plotter interface and 
waveform transfer via the RS-232C interlace. Enjoy the 
comfort of analog and the power to digital 

25MHz Elenco Oscilloscope 

$349 

S-1325 

• Dual T race 
• ImV Sensitrvrty 
• 6’ CRT 
• X-Y Operation 
• TV Sync 

• (2) lx, lOx Probes included 

All scopes indude probes, schematics, operators manual and 3 year (2 yrs for Elenco scopes) world wide warranty on parts & labor. Many accessories available tor ail Hitachi 
scopes Call or wrfte for complete specifications on these and marry other fine oscilloscopes. | Xi )0x Scope Probes: P-l 65MHz $ 19.95, P-2 100MHz $26.95 


SPECIAL BUY 

V-212- 20MHz Scope $425 
Hitachi Portable Scopes 

DC to 50MHz, 2-ChanrxH, DC offset func- 
tion, Alternate magnifier function 

V-525 - CRT Readout, Cursor Meas $995 

V-523 - Delayed Sweep $975 

V-522 - Basic Model $875 

$775 
$695 
$625 


V-422 - 40MHz 

V-223 - 20MHz delayed sweep 
V-222 - 20MHz deluxe _____ 


PRICE BREAKTHRU 


20MHz Dlgitol forage Oscilloscope 

• Anaiog/Digrtai Scope 

• 2K word per channel memory DS203 

• 1 QMS's sampling rate $795 

- State-of-art technology 

• Includes probes 


HITACHI COMPACT SERIES SCOPES 

Thre series provides many new functions such as CRT 
Readout, Cursor measurements (V- 1065/1 065A«6SA), Fre- 
quency Ctr (V-1085), Sweeptime Autoranging. Delayed 
sweep and Tnpper Lot* ueing a 6-inch CRT. You don! feel 
the compactness In terms ot performance and operation 

V-660 - 60MHz, Dual Trace $1 .149 

V-665A - 60MHz, DT, w/cursor $1 .345 

V-1060- 100MHz. Dual Trace_ $1 395 

V-1065A ■ 100MHz, DT. w/cursor $1,649 

V-1085 - 100MHz, QT, w/cursor $1,995 

V-1100A - 100MHz, Quad Trace $2,195 

V-1150 -150MHz. Quad Trace $2,695 

Elenco 40MHz Dual Trace 

Good to $495 

S-1340 

• High luminance 6‘ CRT 

• 1 mV Sensitivity 
• 10KV Acceleration Voltage 

• 17ns Rise Time 
• X*Y Operation 

• Includes (2) lx, 10x Probes 



50MHz 


B + k 

TEST EQUIPMENT 

Ail Models Available 
Call for special price 


Digital Capacitance Meter 

Digital LCR Meter 

FSH 

| 

CM-1550B 

$58.95 

9 Ranges 
1pt-20,000u1d 
.5% basic accy. 
Vo coHrol ml Case 

s 

LC-1801 

$125 

Measures' 
Coils 1uH-200H 
Caps 1pl-200uf 
Res .01-20M 


Big 1* Display 




Multimeter with 
f~ 000*1 CapocttanceA 
Transistor Tester 

$55 CM-1500B 

Reads Volts, Ohms 
Cun eel, Capacitors, 
Transistors and 
Diodes I with case 


FLUKE 

MULTIMETERS 

All Models Avaliaoie 

Fluke 70-11 $65 

Fluke 77-11 $145 

Fluke 79-11 $169 

Fluke 87 .$289 

Call far special price 


Soldering Station 
Temperature Controlled 
a SL-30 $99 
* Digital Display 

\ Temp Range 

||| 300F-900F 

TKP Grounded Tip 

" , Overheat Protect 



Video \ 

lead Tester 
HT-200 

Four-Funclion Frequency Counters 
F-100 120MH 



$55.95 



j _ 

Tails you it 

f-iooo i^gh 


1 ^ I 

VHS bead 
is detective 

^ ^ $25g 



or worn 

Frequency, PenoC, Totalize, 


’ wm 

A must lor 

Sell Check with High Stabilized Crystal Oven 


♦ 

VCR wort 

Oscillator. 8 cbgrt LEO display 


f? 


jOMHz^Oecilloscope 
\ s-3000 

$275 


i 

“mail 


CELLULAR 

TELEPHONE 

ACCESSORIES 


Available for most phones 
Cell or write tor details 


Quad Power Supply XP-580 

559.95 



Fully regulated and shod circuit prolecfed 


Triple Power Supply XP-620 
Assembled $69 
Kit $45 

II ' t t ■ 2lo 15V# 1A. 
22* W -21O-15V01A 
(or 4 lo 30V @ 1 A) 
and 5V ®r 3A 

All the desired (ealures lor doing experiments 
Features short dreuif protection , all supplies 


AM/FM Transistor 



Radio Kit 


' Hi 

with Training Course 



Model AM/FM 108 


, V 

$26.95 

14 Transistors ♦ 5 Diodes 
Makes a great school project 


M 


True RMS 4 1/2 
Digit Multimeter 
M-7000 

$135 

05% DC Accuracy 
1% Resistance 
with Freq Counter 
and Deluxe Case 


GF-8016 Function Generator 

with Freq. Counter 

$249 

Sine. Square. Tnengle 
F’ulse, Flamp, 2. to 2MRz 
Freq Coumer .1 - 10MHz 
Irrt/Ext operation 

GF-80 1 5 without Freq. Meter $ 1 79 


Function Generator 

Blox 

#9600 

$28.95 

Provides sine, triangle, square 
wave trom 1Hz to 1MHz 
AM or FM capability 


Learn to Bulk! and Program 
Computers with this Kit 

Indudes: All Parts, Assembly and Lesson Manual 

Model 
MM-SCOO 

$129.00 


Wide Band Signal 
Generators 





Starting trom scratch you buHd a complete system Our 
hicro- Master trainer teaches you lo wrke into RAM6, 
FOA and run a 6065 rmcroproootstv which uses 
Sarnia/ machine language as IBM PC. 


SG-9G00 $129 
RF Freq 100K-450MHZ AM Modula- 
tion ol IKHz Vanable RF output 
SG-9500 w/ Digital Display & 
150 MHz built-in Courrtar $249 


XK-500 Digital / Analog Trainer 

A complete mini-lab lor building, tatting, prototyping analog and digital circuits 
Elenco s Digital / Analog Trainer is spedaly designed for school projects, with 5 built in power 
supplies Includes a function general or with coniinously variable, sine, triangular, square wave 
forms All power supplies are regulaled and protected against shorts 


Power Supplies 
. Variable Power Supply 
. *1 25 lo 20VDC ® .5 Amp 
(♦1 25 to 1 5 VDC 1 Amp) 

• -1.25 to 20 VDC <3* 5 Amp 
(-1.2510 15VDC® 1 Amp) 

• +12VDC ® 1 Amp 
. -12VDC & 1 Amp 

• *5VDC 9 f Amp 

• 30VAC Center tapped & 15VAC 
^ t Amp 

Analog - Section 

. Function Generator Suie, Triangular, 
Square weve forms 

• Freque 
trom 1 

. Fine In 
4 Amplitude 
. DC ottsei 

• Modulation FM AM 
Digital - Section 

• Etg K i data swiches 

4 Two no bounce logic switches 
4 Eight LED readouts TTL bu tiered 

• Clock frequency 1 to lOOKKi 

• Clock amplitude 5VPP square wave 
Braedboerde 

4 2 breadboards, each contain: 

B40 tie points {total 1,680) 


$149.95 Assembled 
$119.95 Kit 



WE WILL NOT BE UNDERSOLD! 
UPS Shipping: 48 States 5% 

(S3 Min $10 Max) Shipping 

IL Res.. 7.5% Tax FAX 708 520-0085 


C & S SALKS INC. 

1245 Rosewood, Deerfield, IL 60015 
(800) 292-771 1 (708) 541-0710 


15 Day Money Back Guarantee 
2 Year Warranty Prices Subject To Change 
WRITE FOR FREE CATALOG 
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trol, including stepper motors and servo 
systems. They’re also suitable for such of- 
fice automation products as printers, plot- 
ters, typewriters and point-of-sale termin- 
als, including the disk drives and power 
supplies they contain. They also find appli- 
cation in communications and transporta- 
tion equipment, like facsimile machines, 
telephone equipment, portable radios and 
display controllers, as well as a wide variety 
of general-purpose applications such as 
security systems, instrumentation, air con- 
ditioners, robotics and multi-media 
equipment. 

As with all K2 products, the newest de- 
vices are offered in a variety of package 
configurations, including 64-, 80-, 84- and 
94-pin packages. Prices in 1,000-piece 
quantity are: ^tPD78217A, S7;|iPD78218A, 
S8.50; /iPD78237, S8.25; /*PD78238, $10; 
^PD78P238, $18 (OTP)/$65 (EPROM). 

NEC offers an evaluation board and de- 
velopment system for support of each fam- 
ily. The real-time in-circuit emulator sys- 
tem, IE-78240-R, with one probe is offered 
at $9,490 to support the ^PD7821XA group, 
and the IE-78230-R support the ^PD7823X 
members. Evaluation boards EB-78240- 
PC and EB-78230-PC are priced at $595 
each and support, respectively, the 
fiPD7821XA and ^PD7823X families. 
They can be used alone or with the same 
optional probes to form a low-end in-cir- 
cuit emulation system. 

Two-Serial-Port Chip 

Maxim Integrated Products’ (120 San 
Gabriel Dr., Sunnyvale, CA 94086) 
M AX249 is one of seven new devices from 
its RS-232 line of + 5-volt multi-channel 
drivers and receivers. The M AX249 trans- 
ceiver offers six RS-232 drivers and 10 
RS-232 receivers — two complete Data 
Terminal Equipment (DTE) serial ports in 
one IC (see Fig. 1). 

An important feature of the MAX249 
is its separate shutdown mode for each 
port. In shutdown mode, power supply 
current is reduced to 8 ^tA (typical), and the 
MAX249’s receivers are still able to receive 
data at up to 20 bits/sec. The new device 
uses space-saving 1-^F capacitors, making 
it well-suited for RS-232 applications 
where space is limited, such as in laptop 
PCs. The chip meets all EIA-232D and 
EIA/TIA-562 specifications and is guar- 
anteed to operate at data rates up to 64K 
bits/per second. 

MAX245, MAX246 and MAX247 re- 
quire no external components and are ideal 
for RS-232 limited-space applications. 
MAX244, MAX248, and MAX249 use 
1-jiF capacitors. 

Prices for 1,000-piece quantity are: 
MAX244, $7.65; MAX245, $12.15; 
MAX246, $12.15; MAX247, $12.15; 
MAX248, $7.65; MAX249, $7.65. ■ 
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Cross-Assemblers from $50.00 
Simulators from $100.00 

Cross-Disassemblers from $100.00 
Developer Packages 

from $200.00 (a $50.00 Savings) 

Make Programming Easy 

Our Macro Cross-assemblers are easy to use. With powerful 
conditional assembly and unlimited include files. 

Get It Debugged--FAST 

Don’t wait until the hardware is finished. Debug your software 
with our Simulators. 

Recover Lost Source! 

Our line of disassemblers can help you re-create the original 
assembly language source. 

Thousands Of Satisfied Customers 
Worldwide 

PseudoCorp has been providing quality solutions for 
microprocessor problems since 1985. 

Processors 

Intel 8048 RCA 1 802 05 Intel 805 1 Intel 8096, 1 96kc 

Mptorola 6800 Motorola 6801 Motorola 68HC1 1 Motorola 6805 
Hitachi 6301 Motorola 6809 MOS Tech 6502 WDC 65C02 

Rockwell 65C02 Intel 8080,85 Zilog Z80 NSC 800 

Hitachi HD64180 Mot. 68ki.10 Zilog Z8 Zilog Super 8 

• All products require an IBM PC or compatible. 

For Information Or To Order Call: 

PseudoCorp 

716 Thimble Shoals Blvd, Suite E 
Newport News, VA 23606 

(804) 873-1947 FAX:(804)873-2154 




Draw Your Own Plans 
For Home, Work, or School 



$39 


.95 


LaserCAD? 

APPRENTICE 


30 Day 
Guarantee 

Architectural • Mechanical • Electrical * Structural • Civil • Misc 

• 90% of all drawing is done with only one menu 

• Comes with automatic dimensioning modes 

• Includes a library of over 122 symbols 

• Can draw at any scale or angle 

• Create/modify symbols easily 

• Is a true vector-based CAD program 

• Comes with over 38 fill/hatch patterns 

• Has (DXF) to exchange drawings 

• Zoom or pan to any size or angle 

• Earn extra money drawing, on the side 
1 Easy to use yet has high functionality 

• Order Now and receive a $395 set of 
house plans on disk ABSOLUTELY FREE 

Sayet Corp • PO Box 672 • Orem, UT 84059 *(801) 225-2780 
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What’s New! 
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Dual VGA Drivers 

Colographic Communica- 
tions has new drivers for the 
company’s Dual VGA graph- 
ic cards and Windows that 
permit a single large window 
to be displayed across two 
screens. Or two full-size win- 
dows can be opened at the 
same time. More viewable 
windows and the ability to 
pick them up and move them 
over two physical screen 
boundaries in real time gives 
the user greater flexibility. 
With the new driver, Win- 
dows can address up to eight 
displays simultaneously (re- 
quires additional Dual VGA 


Virtual Panel Meter 

Texmate introduces a hard- 
ware/software package called 
VPM1, which combines the 
simplicity of a panel meter with 
the flexibility of a personal 
computer. The VPM1 is a 16- 
bit A/D converter (60,000 
counts) with optic ally- isolated 


Fax Protector 



graphic cards). $795 and up. 
Colographic Communica- 
tions Corp., 5388 New Peach- 
tree Rd., P. O. Box 80448, At- 
lanta, GA 30366; tel.: 404- 
455-3921; Fax: 404-458-0616. 
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Isofax from Tripp Lite pro- 
tects fax machines from 
spikes on both ac power and 



inputs of 20 mV/200 mV/2 
volts/20 volts dc. Input con- 
nections are made via standard 
banana plugs at the rear of the 
computer. All configuration is 
done in software, from a menu 
that requires only a keyboard 
or mouse. The software sup- 

CIRCLE NO. 21 ON FREE CARD 



telephone lines. The Isofax 
combination surge suppresser 
features two ac outlets with 
Isobar-quality surge suppres- 
sion and two surge-protected 
RJ-45 phone-line jacks for 
complete protection of fax 
machines and/or modems. 
Isofax plugs directly into a 
standard ac outlet. It’s UL 
1449 listed for 330-volt let- 
through. A green LED indi- 
cates the circuitry is function- 
ing properly. $65. Tripp Lite, 
500 N. Orleans, Chicago, IL 
60610-4188; tel.: 312-329- 
1 777; Fax: 312-644-6505. 
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ports four input cards, one be- 
ing required for each signal. 
Optional data logger and large 
display software are available, 
as is a demo disk. $545. Tex- 
mate, 995 Park Center Dr., 
Vista, CA 92083-8397; tel.: 619- 
598-9899; Fax: 619-598-9828. 
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What’s New! 


Parallel-Port ASIC 

Trantor Systems offers a cus- 
tom ASIC peripheral control- 
ler chip for parallel-port add- 
on products. Called the P3C, 
the new general-purpose chip is 
geared towards products in- 
tended to plug into IBM/com- 
patible parallel ports. The P3C 
dramatically simplifies the task 
of designing parallel port add- 
ons and addresses three prob- 
lems in parallel port add-on de- 
sign: unidirectional versus bi- 
directional ports, concurrent 
use of a printer and I/O speed . 

Products that use the P3C 
can take advantage of the 
greater speed of bidirectional 
ports while maintaining com- 
patibility with the more com- 
mon unidirectional ones. The 
P3C is available in sampling 
quantities in a 60 PQFP pack- 
age. Trantor Systems , Ltd., 
5415 Randall PI. , Fremont , 
CA 94538-3151; tel.: 510-770- 
1400; fax: 510-770-9910. 
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Micro Channel Memory 


Boca Research has a new 8M 
zero-wait-state RAM memory 
board for IBM PS/2 Micro 
Channel Architecture sys- 
tems. The board provides ex- 
tended memory support for 
DOS, UNIX and XENIX. It 
carries its own Micro Channel 
ID, making it automatically 
recognized by the system at 
cold boot, and is easily con- 



figured through the IBM 
PS/2 installation program 
and a configuration file sup- 
plied. Boca supplies EMS 4.0 


software drivers for applica- 
tions that require expanded 
memory. The board is offered 
in four configurations (OK, 
2M, 4M and 8M), and uses 1 M 
x 9 SIMMS. $195 (OK). Boca 
Research Inc., 6413 Congress 
Ave., Boca Raton, FL 33487; 
tel.: 407-997-6227; Fax: 407- 
997-0918. 
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Smart Cards 

The Micro Card QwikLINK 
model TLP0720 is a high- 
performance, second-genera- 
tion smart card “drive.” It of- 
fers high-speed card commun- 
ication design, Lexan™ case, 
small footprint and single-ca- 
ble design. Micro Card offers 
two families of card products 
for use with the TLP0720, the 
SCOT single-service operating 
system and the TB multiple- 
service. Capacities range from 
8K bits to 64K bits. 


Security within a TB inte- 
grated-circuit card is based on 
encryption techniques. Pri- 
mary security functions in- 
clude random number genera- 
tion, password authentica- 
tion, secure write, ciphering 
and deciphering, message- 
authentication code genera- 
tion and verification and se- 
cure erase. The TB card oper- 
ating system utilizes an algo- 
rithm that conforms to DES 
TLP0720. $225. Micro Card 



Technologies, Inc., 15851 N. 
Dallas Pkwy., Ste. 500, Dallas, 
TX 75248; tel.: 214-788-4055. 
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ORGANIZE AND PROTECT YOUR 
COPIES OF CornputefCraft 

Custom-made titled cases and binders, designed to 
hold a year’s issues, provide the storage system 
to help protect your valuable copies from 
damage. Reinforced board covered 
with durable leather-like material 
in (color), title hot-stamped in 
(gold/ silver ) , cases V -notched 
for easy access, binders have 
special spring mechanism to 
hold individual rods which easily 
snap in 

Cases: 1— $ 7.95 
3— $21.95 
6— $39.95 
Binders: 1— $ 9.95 
3— $27.95 
6— $52.95 


ComputerCraft 

Jesse Jones Industries, Dept. Mod-E 

499 East Erie Avenue, Philadelphia, PA 19134 



Please send 
□ Enclosed is $ 


binders 


□ Charge my (Minimum $15) 

□ American Express Visa 
D MasterCard C Diners Club 

Card K 


Add $1 per case/btnder postage 
and handling. Outside USA 
$2.50 per case/binder. (U.S. 
funds only.) 


Exp. Date 


Signature, 


Charge Orders: Call TOLL FREE 7 days, 24 hours 1 -800-825-6690 

Print Name, 

Address 

City/State/Zip 


No P O Box Numbers Please 


PA Residents add 7% sales tax 

I SATISFACTION GUARANTEED . 


HIGH TECHNOLOGY 

KITS & MATERIALS 


MC68HC705C8 DEVELOPMENT SYSTEMS $ 89.95 

PC BUS ’CYANCE’ CHASSIS/EXPANDERS $ 99.95 

DIGITAL BENCH POWER SUPPLIES $ 69.95 

SERIAL/PARALLEL PROTOCOL CONVERTERS $ 74.95 

PARALLEL PRINTER PORT SWITCHES $ 69.95 

NEURAL NETWORK ARRAY MODULES call for specifics 

ROBOTS & ROBOTIC COMPONENTS call for specifics 

PORTABLE LASERS & OPTICAL EQUIPMENT $ 99.95 

PROGRAMMABLE PARAMETER BATTERY CHARGERS $ 89.95 
PC ELECTRICAL STORM & PHONE MONITORS $ 99.95 

TALKING DIGITAL LOGIC PROBES $ 69.95 

DIGITAL SIGNAL PROCESSOR MODULES call for specifics 
SEMI-CUSTOM ALUMINUM PROJECT CASES call for specifics 
DIGITAL VOICE AND TAPE SCRAMBLERS $ 39.95 

AUTOMATIC PHONE RECORDERS/MONITORS $ 39.95 

"SHOTGUN" SURVEILLANCE MICS/SCOPES $ 49.95 

DIGITAL PSY-OPS "LEFT-FIELD" GENERATORS $ 99.95 

MICRO "FOXHUNT & BUMPER" TRANSMITTERS $ 49.95 

SURFACE-MOUNT 140-160MHZ XMTR RCVR KITS $ 49.95 

DIRECTIONAL 140-160MHZ LOCATOR/RECEIVERS $ 69.95 

BRIEFCASE LISTENING/RECEIVING DEVICES $ 99.95 

DIGITAL MCT(tm) MIND CONTROLLERS $ 99.95 

CYBER PROBES (DYNAMIC FIELD/PSI DETECTORS) $ 39.95 

DIGITALLY TUNABLE RADIO FILTERS $ 59.95 

SYNTHESIZED 2M & 70CM XMTR RCVRS $ 99.95 


CALL NOW TO ORDER! (catalogs available upon request) 

(501) 839-8293 
U.S. CYBERLAB, INC. 

Rt 2 Bx 284 Cyber Rd., West Fork, AR 72774 
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Computer Games By SF Sparrow 


If you have a good thing, make it better. 
This aKiom may not be official policy at 
software companies, but using it on good 
software makes good sense. The objective 
is to stay in head-to-head competition with 
other companies. Combine this with the 
unpredictable nature of the computer 
game market, and you have a healthy tech- 
nological sparring that, in its own way, 
might be called a war I like to call it The 
Upgrade Wars. 

The Wars Begin 

Once upon a time, personal computers that 
performed real work were priced out of 


The Upgrade Wars 


reach for most people. Commodore was 
king of the computer hill because it gave 
good computing at a likewise price. Its 
Models C-64 and C-128 are still found in 
homes today, some of them even in use. 

A software company named Micro- 
Prose fired up the Commodore 64 with 
military simulations. One of these, Stealth 
Fighter , was an early strike and quickly 
established MicroProse as a high-powered 
leader in the Upgrade Wars. 

Slealth Technology 

Stealth Fighter for the Commodore por- 
trayed the then highly secretive aircraft. 



Although the Commodore version was 
loads of fun, it was limited In scope. Ar- 
mament selection was sparse, and flying 
at altitudes of thousands of feet was not 
only done with impunity but expected. The 
game lacked much in the way of stealth tac- 
tics. But when one owns only a C-64, one 
takes what one can get and enjoys it. 

Stealth Fighter , a rousing bang-up job 
for MicroProse, used virtually all the re- 
sources of the vintage C-64. As computer 
gamers soared to gaming heights and 
played the invisible nemesis to radar, Mi- 
croProse was strategically planning to 
escalate the War. 

Accordingly, the Commodore Stealth 



Scouring the sands of the Middle East 



The Falcon’s complex new look. 



The F-16 lakes off after a long hiatus. 



The Apache helicopter sits ready, willing and able. 
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age, mission planning and alert flying are 
the game’s focus. The whiz-bang visuals 
of game technology just make the brain- 
work more enjoyable. 

An interesting feature comes with Night- 
hawk: the option of flying the Lockheed 
version of the Stealth Fighter or winging 
off in MicroProse’s own version. The dif- 
ference is that the Lockheed version is 
more like a real-life mission. With it, you 
have only two weapons bays, you can’t 
carry air-to- air weapons and there’s no 
cannon for dogfighting. Y ou always fly at 
night and never launch from a carrier. The 
MicroProse version isn’t quite as stealthy 
as the Lockheed version, but it affords 
more variety in weapons and types of mis- 
sions you can fly. And when the going gets 
tough, you can take out the opposition 
with air-to-air missiles. 

Rotary-Wing Attack 

One of the meaner combat helicopters ever 
to hit the field is the AH64-A, otherwise 
known as the Apache. Some consider it to 
be the meanest. Well, the experts can de- 
bate the matter in real life. Slide into the 
world of computer games, and Gunship is 
undoubtedly the best helicopter combat 
simulator for the personal computer. 

Like MicroProse’s Stealth Fighter , 
Gunship had its genesis in the Commodore 
era. Owners of the then high-tech IBM PC 
XT and faster clones had to watch in awe 
and envy as skilled Commodore helicopter 
pilots swooped upon enemy infantry, 
tanks and radar sites with free-fire rockets 
and laser-guided missiles. Sometimes the 
envy bordered on pain. 

Fortunately for simulation enthusiasts, 
MicroProse ‘ ‘ brass’ ’ was planning the tac- 
tical insertion of an IBM version of Gun 
ship. Not only would it offer a more-fertile 
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Universal 

Emulator 

Assembler 



Over 170 different microprocessors are supported 
in this high-performance software/hardware 
environment for assembly language development 
Call today for a FREE ECAL Demo Disk. 

For more infomation 

Vail Silicon (305) 978-6083 


NOW - THE ALL NEW URDA®, INC. 

SDK-386™* 

*386 is a trademark of Intel Corporation. Used by permission. 

32 bit MICROPROCESSOR TRAINER 
AND DEVELOPMENT SYSTEM 

With optional 80387 Floating Point Coprocessor. 16 Kbytes of EPROM lor 
Monitor, Utilities and User Expansion. 32 Kbytes of Static RAM. 5x8 
Matrix Keypad, 40 Character x 2 Line Dot Matrix Liquid Crystal Display 
with Optional Accesssories. 

Also available: 

Ihe 8 Bit SDK-85 and the 16 Bit SDK-86 

Coming in 1992: 

the 8 Bit SDK-51 Microcontroller 

CALL URDA®, INC. 

1-800-338-0517 or (412) 683-8732 
URDA®, Inc. Has Additional Single Board Products: 

8086 68000 68020 68030 32010 DSP 

With Cross Assemblers for MS-DOS Computers 
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Fighter was reincarnated in the form of 
F-19 Stealth Fighter. The new incarnation 
sported smoother operation, more realistic 
simulation and graphics so much improved 
that they served as a nucleus around which 
future MicroProse games would build. 
This new IBM version of Stealth Fighter 
took off with fire and smoke like a reborn 
digital Phoenix. 

Reincarnation 

F-19 was the unequaled simulation for the 
Stealth Fighter. It stayed that way for a 
long time, as measured by computer game 
reckoning .F-19 lets players fly 99 missions 
before forcing retirement of a playing 
character. By then, any air-combat enthus- 
iast worth his joystick had learned Stealth 
operation and tactics and had set skill levels 
at Veteran and Elite. Stealth technology, 
still riding the stratosphere of the best, ap- 
proached the end of its service life and 
needed a boost. 

Ironically, while the real Stealth Fighter 
speared through the cover of night in hid- 
den flight testing and secret missions, Mi- 
croProse worked ambitiously on an up- 
grade to F-19. Surprisingly to industry ex- 
perts, the Pentagon performed outstand- 
ingly on keeping security clamps on the real 
Stealth. But when MicroProse finally got 
a look at it, an upgrade to F-19 wasn’t far 
behind. The upgrade rolled out slsF- 117A 
Night hawk and ascended with a new look, 
better graphics and yet more realistic sim- 
ulation. Nighthawkis simply the best and 
most definitive simulation of America’s 
radar-illusive fighter. 

F-117A is up-to-date and complete with 
missions into the Persian Gulf. It has bril- 
liant graphics and tests players with in- 
triguing mental challenge. Actually, the 
necessary tactics of proper ordnance us- 


development platform for Gunship design- 
ers, but an opportunity for marked 
changes in games design as well. It seems 
that, without hesitation, Gunship design- 
ers snatched the opportunity and ran with 
it like a super-spy carrying high-level in- 
formation. 

The new Gunship was everything that 
IBM’ers wanted and more. Graphics were 
much better, combat scenarios widened 
and got more realistic, helicopter flight 
controls became more reactive and overall 
game play jumped in intensity. Deliberate- 
ly, the national computer game combat 
area had a new player. Commodore fans 
watched in envy as the Upgrade Wars 
branched toward a new evolution. 

Years passed. Gunship successfully de- 
nied all challenges to its rotary-wing air su- 
periority. Then, after pleadings from hun- 
gry gamers, Gunship re-emerged with a 
new look and graphics quality that leaped 
an order of magnitude. Christened Gun- 
ship 2000 by its designers, the new concept 
gave users a choice of five aircraft, includ- 
ing the Kiowa scout ship, Blackhawk as- 
sault/transport, the trusty Cobra and the 
ol* Apache of yesteryear. Gunship 2000 of - 
fers more kinds of weapons, updated com- 
bat scenarios that include the Persian Gulf 
and the long-awaited chance to fly your 
chopper in groups. It’s a welcome upgrade 
for a game that remains in a class by itself. 


Competition 

It’s true that MicroProse established itself 
early in the game of combat simulations. 
But other warriors suited up for computer 
competition. 

Spectrum HoloByte pushed into mili- 
tary simulations with Falcon , its rendition 
of the venerable F-16. At first launch, 
Falcon came in four-color CGA, which 
was a tad below EGA standard, but toler- 
able nevertheless. Falcon was an early at- 
tempt at serious flight simulation for the 
F- 1 6. It had a few programming quirks and 
documentation problems, but PC gamers 
eagerly bought it and flew their IBM XTs 
into the blazing sky of imagination. 

A succeeding version of Falcon flew as 
a chaser behind the original. Falcon AT 
was its moniker and it effectively raised the 
simulation to EGA graphics, better play- 
ability and faster execution of the 80286 
processor. Falcon A T was difficult to play, 
nearly impossible to land and had a users 
manual that read like a technical docu- 
ment. But it was fun enough and remained 
the best F-16 simulator. 

Computer games have a relatively short 
market life. No one knows this better than 
the people who design them . Therefore, it 
was puzzling to simulation enthusiasts 
when, after a normal period of time, no 
further Falcon upgrade was seen. An eter- 
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nity of about two (maybe three) years went 
by. Still no new Falcon. Finally, like a call 
from the presidential hot line, Falcon 3.0 
was announced. The message set the com- 
puter game world buzzing with anticipa- 
tion — simulations couldn’t wait. Well, an- 
other year went by, and then some more 
months with no new Falcon making its ap- 
pearance. What was wrong? 

Spectrum HoloByte explained the long 
wait in the pages of the Fall/Winter 1992 
edition of its newsletter, The Spectrum 
Hologram. Spectrum HoloByte CEO Gil- 
man Louie said, “ Falcon 3.0 is probably 
the most ambitious flight simulation ever 
developed. Few sims can boast the same 
dedication to detail and accuracy. Spec- 
trum HoloByte is uncompromising when 
it comes to quality — we simply will not re- 
lease a product until it’s ready.” The news- 
letter went on to reasonable explanations 
about technical delays. Computer gamers 
were willing to forgive the wait, but how 
much longer would it take? 

Suddenly, appearing with the shocking 
immediacy of a Stealth fighter, Falcon 3 .0 
landed on the shelves of computer stores. 
Some resellers quickly sold all copies. Gil- 
man Louie had been right. The game is 
complex, more so that any of its predeces- 
sors. But even after years of waiting, the 
initial release wasn’t ready. 

Users, including this gamer, had prob- 
lems with this Falcon from the start. My 
personal copy refused to install. The prob- 
lem was quickly remedied by downloading 
a fix from a bulletin board. Subsequent- 
ly, I experienced computer hangs, where 
the game froze in the middle of play, oc- 
casions when keyboard commands weren’t 
obeyed and much trouble with the throt- 
tle controls. Communication with other 
users verified these game quirks as com- 
mon experiences. 

Already, weeks after it release, a Falcon 
3.0 update (Version 3.0a) is sitting on a 
bulletin board. A text file comes with it that 
outlines the numerous bug fixes being ad- 
dressed. Despite Spectrum HoloByte’s 
statement that it wouldn’t release a game 
before it’s time, Falcon 3 .0 was clearly not 
ready to be properly released. 

With game quirks, fixes and updates, 
Falcon 3.0 is still the best F- 16 simulator. 
The game manual still reads mostly like a 
technical document and could be better or- 
ganized . The game itself is still difficult to 
manage while playing, but once you put in 
the hours of study and practice, some of 
the bugs and quirks can be ignored by 
staunch simulationists. More generic play- 
ers might wait until the bugs are shaken out 
before signing on. 

Global Conflict 

The beginnings of the Upgrade Wars saw 


MicroProse take an early lead. Spectrum 
HoloByte competes very well, although it 
isn’t as prolific. Other game designers have 
since entered the fray, to the delight of 
computer users. 

Deserving of honorable mention are: 

Electronic Arts for the intriguing Attack 
Sub and the scholarly Chuck Yeager series 
and for the gimmickry of Megafortress 
and the headiness of Harpoon , which has 
a new Persian Gulf Battleset. 

Maxis for two versions of the action-or- 
iented Jet Fighter the Adventure. 

LucasFilm Games for spectacular his- 
torical simulations like Battlehawks, Bat- 
tle of Britain and Secret Weapons of the 
Luftwaffe , which has a new Tour of Duty 
addition for the P-38 Lightning and the 
P-80 Shooting Star. 

Spectrum HoloByte for the tough action 
of Tank and a good effort at Falcon 3.0. 

MicroProse for many quality simula- 
tions, including two versions of Silent Ser- 
vice , two versions of the hot action of F-15 
Strike Eagle , the brawling Ml -Tank Pla- 
toon and a superbly playable rendering of 
Tom Clancy’s Red Storm Rising. 

The future of the Upgrade Wars looks 
promising, as more players and new tech- 
nology join the fight. When this particular 
war heats up, its good for game designers, 
good for game players and good for a 
market economy. This kind of war we can 
deal with! ■ 



Documentation Good 
Graphics Excellent 

Learning Curve Long 
Complexity High 
Play Length Medium 
Playability Good 
In brief: A fitting upgrade to a favorite 
and long-standing simulation. Recom- 
mend an 80386 and joystick for best 
performance. 
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Gunship 2000, $69.95 

MicroProse 

180 Lakefront Dr. 

Hunt Valley, MD 21030 
Tel.: 301-771-1151 


Requirements 


RAM 640K 

Graphics VGA only 

Sound IBM, Tandy, AdLib, 

Roland 

Controllers Joystick 


Evaluation 


Documentation Good 
Graphics Excellent 

Learning Curve Long 
Complexity High 
Play Length Medium 
Playability Good 
In brief: Improvements on the best heli- 
copter combat simulator. Recommend 
an 80386 and joystick for best perfor- 
mance. 
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Falcon 3.0, $79.95 
Spectrum HoloByte 
2061 Challenger Dr. 
Alameda, CA 94501 
Tel.: 510-522-3584 


Requirements 


RAM Memory 1M, DOS 5.0 
Graphics VGA only 

Sound AdLib, Roland, 

SoundBlaster 

Controllers Joystick, Mouse 


Evaluation 


Documentation Fair 
Graphics Excellent 

Learning Curve Long 
Complexity High 

Play Length Medium 

Playability Fair 

In brief: Long-awaited upgrade. Quirky 
and sometimes vexing, but worth a shot. 
Recommend an 80386, joystick and ex- 
panded memory for best performance. 
Math coprocessor needed for high-fidel- 
ity flight model. 
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REMOVE 

HARDWARE LOCKS 


PROTECT YOUR INVESTMENT! 
MAINTAIN PRODUCTIVITY! 

Software utility that allows for 
the removal of hardware locks. 

Avaiable for most major 
CAD/CAM and PCB 
software programs 

Easy - Simple - Guaranteed 

Programs start at $99.00 U.S. 

Visa and Mastercard Welcome 
Call or Fax for more Information 


SafeSoft Systems Inc. 
202*1100 Concordia Ave. 
Winnipeg, Mb. R2K 4BS 
Canada 


Phone (204)660-4639 
FAX (204) 668-3566 
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Satellite-TV 




SAVE 40% -60% 

46 Pago Catalog; it's loaded with 
AH Major Brands, Systems, 

Upgrades, Components & Accessories 
Huge Savings, Easy Installation and 
Complete Int ructions 800-334-6455 

SKYVISION INC. 218-739-5231 lnt‘1 

tin 1018 FRONTIER DRIVE 
FERGUS FALLS, MN 56S37 


INSTALL OR UPDATE YOURSELF 


Order Back Issues of 


CornputetCraft 


ProtoQuick Z8 and 8051 

f ) * . -I . . Onwlmii innate board comouters 

*. g;"RS232V 

s ft[jj]£SSMl 


■..!"«*«■• li 

if laSSiHi 

Ml 
.. - " 

• Ztbg Z6 Of Intel SC3 1/5 1 versions 

- Up to 32K EPROM and BK RAM 

- 12 sq tn plated-through proto area 



• RS232 C sanal port w. < DB25 conn 
- Op sys m EPROM w/ source code 

■ AsemWed ready to run 5v only 

■ MS-DOS cross assembler included 

ProtoQuick 28 and 8051 

$99.00 — 

Software Science 

WH 3750 Roundboitom Roed 
■tj|||||j|H Cincinnati. OH *5244 USA 

(513) 561-2060 

Run prototype applications or experimental hardware 
from the serial port - WITHOUT PROGRAMMING! 


CABLE TV DESCRAMBLERS 
★ CONVERTERS* 

and ACCESSORIES. 


SAVE MONEY. 


in 


PANASONIC, JERROLD OAK, 
PIONEER, SCIENTIFIC ATLANTA 

AND MORE. LOWEST PRICES. FREE CATALOG 


CABLE READY 
COMPANY 


(800)234-1006 


ComputerCraft Mart 


Clw wirtfxl Commercial Rates: $1 per word, 15-word minimum ($15.00) prepaid. (Word 
count includes name and address; ZIP code and abbreviation each count as one word; 
P.O. Box number and telephone number count as two words each.) Indicate free cate- 
gory heading (Computers, Software, Electronics, Video or Miscellaneous). A special 
li.aHing i s available for a $6 surcharge. First word only is set boldface caps at no charge. 
Add 25« for each additional boldface word. 

Non-Commercial Rates: FREE to subscribers, as space permits; maximum 15 words. A 
recent COMPUTERCRAFT mailing label must accompany ad. 

(All advertisers with P.O. Box addresses must supply permanent address and telephone 
number. Copy is subject to publisher approval.) 

Mailing Information: Copy must be received by the publisher by the 25th of the third 
month preceding the cover date. Send Advertising material with check or money order or 
credit card information (Visa or MasterCard only) with number and expiration date to: 
COMPUTERCRAFT, Classified Department, 76 N. Broadway, Hicksville, NY 1 1801 . 


COMPUTERS 


80C52-BASIC microcontroller board. BASIC 
interpreter, 32K RAM, 16K EPROM, 
EPROM programmer, RS232, expansion con- 
nector. Bare board with manual, schematics 
$19.95 4- $3 P&H. 80C52-BASIC micropro- 
cessor chip $24.95 + $1 P&H. Assembled and 
tested $119.95 + $5 P&H. MD residents in- 
clude sales tax. SASE for info. Prologic De- 
signs, P.O. Box 19026, Baltimore, MD 21204. 

IBM PC AND LAPTOPS VIDEO DIGITIZ- 
ER, 640 BY 480 RESOLUTION. 256 GRAY 
LEVELS $89.98. DEMO DISK $3, INFOR- 
MATION $1. COLORBURST, BOX 3091 
NASHUA, NH 03061. PHONE (603) 891- 
1588. 

ELECTRONIC Circuit and Construction 
Project References. PC/MSDOS software 
database, 1500 circuit and project citations 
compiled from 5 electronics magazines, 27 
years publication. Search by subject or key- 
word, both disks included, HD required. 
$19.95. JRH & Associates, 4255 S. Buckley 
Rd. 181, Aurora, CO 80013. (303) 699-5835. 

COMPUTERS AND ACCESSORIES! 
Mouse $9.00, Keyboards $18.00, Buy Direct 
From Foreign Manufacturers! Any Quantity! 
EXCELLENT BUSINESS OPPORTUNI- 
TY! Complete and ALL details $12.00 Post- 
paid. Free additional information. SMI, Box 
5500-R, Lakeland, FL 33807. 

TEMPERATURE-SENSOR, lm cable. Fits 
any 8052BASIC board. Software, assembled 
PCB, $18.00. LOGTROLLER, Data logger 
and controller. Plans, $12.00. 8748, 68705, 
BAREBOARDS, $9.00. TENSOR, Box 
2543-C, Thunder Bay, Ontario, P7B 5G1 . 

NEVER anything like it before! THE LIT- 
TLE BLACK BOOK OF COMPUTER VI- 
RUSES teaches you how to create living vi- 
ruses, with working examples and complete 
source code. 196 pages. $14.95 ppd. American 
Eagle Publications, Box 41401 -R, Tucson, AZ 
85717. 

ELECTRONICS SOFTWARE. From $2. per 
disk. IBM 5.25”. Free catalog on disk. Stack- 
house, Box 502, Dayton, OH 45401-0502. 


MEASUREMENT-Microprocessor plans. 
Free catalog. Temperature Datalogger plans, 
$5.00. TENSOR, Box 2543-C, Thunder Bay, 
Ontario, P7B 5G1 . 


COMPUFACTS The professional’s computer 
troubleshooting manual. Nothing like it on 
the market today. “Tricks of the Trade” from 
working technicians. Thoroughly illustrated. 
Electronic students MUST read this before 
job hunting. BBS access included. 30 day 
guarantee. $39.95 Computers Etcetera, PO 
Box 8090, Berkeley, CA 94707-9991. 510- 
841-5201. 


68HC11 SINGLE-BOARD COMPUTER— 

MAG-1 lc described in series of Computer- 
Craft articles starting in January, 1992. Semi- 
Kit $69; includes bare board, all necessary 
IC’s, IC sockets, construction manual, PC 
software and other documentation. Also 
available separately: Bare double-sided pc 
board — $25; includes component guide and 
parts list, MC68HC1 1A1P— $25.00, PC disk 
—$10.00 (specify 5” or 3”) All prices post- 
paid. MAGICLAND, 4380 S. Gordon, Fre- 
mont, MI 49412. 


CLUBS 


P.C. MODEM CLUB Correspond with Crea- 
tive Modem users, LINK/UP with ENTHUS- 
IAST Nationwide, FREE Membership, Send 
$1 for application & postage to LINK/UP, 
P.O. Box 4534, Waterbury, CT 06704. Also, 
List FAX and 1-900 numbers. 


SOFTWARE 


FREE IBM PD and Shareware disk catalog. 
Low prices since 1988! ASP Approved Ven- 
dor. Finto Software, Dept CC, Route 2 Box 
44, Rosebud, TX 76570. 


IBM Shareware, latest versions of games, 
graphics, education, windows, adult, utilities, 
more . . . write for list. Major Electronics, 
2930 Sepulveda Ave., San Bernardino, CA 
92404. 
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ELECTRONICS 


SURVEILLANCE - COUNTERSURVEIL- 
LANCE. Guaranteed lowest prices! Unbeliev- 
able, Detectors, Jammers, Transmitters, Phone 
Security, Cameras, Personal Protection, Books, 
More! Huge catalog $5.00 (Refundable) PRO- 
TECTOR P.O. Box 520294-B, Salt Lake City, 
UT 84152. 


VIDEOCIPHER 11/Satellite/Scanner/Cable/ 
Amateur/Cellular/Repair Manuals, Modifica- 
tion Books & Software. Catalog - $3.00. TEL- 
ECODE P.O. Box 6426-CC, YUMA, AZ 
85366-6426. 


KENWOOD & ICOM Service Bulletins. 175 + 
pages covering all models. $39.95 Catalog - 
$3.00. CODs 602-782-2316/ FAX 602- 
343-2141. TELECODE Box 6426-CC, Yuma, 
AZ 85366-6426. 

UNITED STATES Frequency Allocations: Ra- 
dio Spectrum, 32 by 50 color chart shows radio, 
tv, mobile, amateur, etc. zones. $7 postpaid. 
PUBNETIX, Box 1022, Laurel, MD 
20725-1022. 

CABLE TEST CHIPS. Scientific-Atlanta 
8550-321, 8500-310, 311, 320, 321 (specify) - 
$33.95. 8580-338 -$69.95, 8570/8590 -$79.95. 
ZENITH ZF-1 -$33.95. STARCOM6-$33.95. 
STARCOM 7 - $49.95. TOCOM 5503/07 VIP 
- $33.95. TELECODE P.O. BOX 6426-CC, 
YUMA, AZ 85366-6426. 


PHONE or room bugged? Detailed instructions 
manual shows how to check your phone with an 
OHM meter for wire taps. Also included how to 
check rooms for bugs. Manual $7.95. Plans for 
phone protection device $5.00. Also— catalog 
nightvision scopes and surveillance & counter- 
surveillance devices catalog $3.00. Send money 
order to Angelos Electronics, PO Box 1871, 
Loomis, CA 95650. 


COMMUNICATION AT ITS BEST. 

AR-1000XC $399, AR-2500 $469, AR-3000 
$969, ATS803A $195. We sell a variety of CB’s, 
Scanners, Radar Detectors, Caller ID’s and 
more. Visa/MC/Diners. FREE SHIPPING! 
Turbo Electronics, PO Box 8034, Hicksville, 
NY 11802. Inquires: (516) 938-1946. Orders: 
1-800-33-TURBO. 


NEW! Pocket-sized electronic compass instant- 
ly and accurately shows direction on its digital 
display. At only $59.95 & $2.50 shipping and 
handling, get this high-tech version of this an- 
cient tool today! Entek, P.O. Box 72132. Albu- 
querque, NM 87195. 


VIDEO 


VHS-VCR Repair Solutions Sets I, II, III, IV, 
V, VI. Each contains 150 symptoms and cures, 
updated cross reference chart, free assistance, 
$11.95 each all six $59.95. Eagle Electronics 
Box A, 52053 Locks Lane, Granger, IN 46530. 

TV NOTCH FILTERS PHONE RECORD- 
ING EQUIPMENT, BROCHURE $ 1 .00. MI- 
CRO THinc. BOX 63/6025, MARGATE, FL 
33063. 1-305-752-9202. 


CABLE T.V. DESCRAMBLERS, Convert- 
ers, Guaranteed, LOWEST PRICES, All 
Brands Available, CNC Concepts Inc., P.O. 
Box 34503, Minneapolis, MN 55434. 

1-800-535-1843. 


CABLE 


ACTIVATE your Jerrold, Tocom, or Zenith 
Box (Fully) in just minutes. Test chips only 
$50.00. No CA. Sales. Orders Call 1-800-452- 
7090. Information 310-867-0081. 

JERROLD Test chips for Starcom 6 and 7. In- 
stalls in just minutes only $50.00. No CA. 
Sales. Orders 1-800-452-7090. Information 
310-867-0081. 


CABLE TV EQUIPMENT 


CABLE TV converters and descramblers dis- 
count center. Jerrold, Tocom, Hamlin, Scien- 
tific, Atlanta, Oak, Zenith. Order your today 
800-962-6836. 


MISCELLANEOUS 


MORSE Code? No Problem. You can in- 
crease your speed, no matter how many times 
you’ve failed before. Results guaranteed when 
you follow the instructions. PASS Publish- 
ing’s CW Mental-Block Buster program helps 
you explode mental blocks that hold you back. 
Based on 40 years of research, the CW Mental- 
Block Buster uses guided meditation , dynamic 
visualizations, and powerful affirmations to 
blast through mental blocks. You can do 
code! That means new bands, more contacts, 
more fun! (This is not a CW practice tape.) 
The CW Mental-Block Buster audio cassette 
and practice booklet are only $24.95 ppd. in 
the US (NY residents add $2.00 sales tax). In- 
fo: 516-584-8164. PASS Publishing, P.O. Box 
570, Stony Brook, NY 11780. 

ASIAN LADIES want correspondence for 
friendship, marriage. SUNSHINE INTER- 
NATIONAL-Dept. TW, Box 5500, Kailua- 
Kona, Hawaii 96745. (808) 325-7707. 

ATTRACTIVE ORIENTAL LADIES seek- 
ing correspondence, marriage. Professional 
introductions since 1984. Asian Experience, 
Box 1214TZ, Novato, CA 94948. (415) 897- 
2742. 

COMPUTER PRODUCTS AND ELEC- 
TRONICS EQUIPMENT. Home and busi- 
ness. Catalog $3. (Refundable) B&R Enter - 
prise, P.O. Box 662, Portage, Ml 49081. 

THAILAND Women, marriageable. Tours, 
Correspondence: 300 Photograph Brochure 
$3 Club Thai, Box 974(m) Miami, FL 33233. 


IDEAS WANTED 


INVENTORS! Can you patent and profit 
from your idea? Call AMERICAN INVEN- 
TORS CORP. for free information. Serving 
inventors since 1975. 1-800-338-5656. 


RUN RC SERVOS NO CARDS NEEDED! 

Mouse controls 8 RC Servos from a Parallel Port 


• Robotics*Games 


Let your PC manipulate the world! Get Radio Control Servos 
at most any hobby store and wire them to your AT computer's 
Parallel Port. 

SERVO 1-Jr. $49.95 

Your 2 or 3 button mouse controls 8 Radio Control Servos 
individually orasfourXY pairs. Eight bars or 4 cursors Indicate 
servo positions. (Position File Editor disabled) 

SERVO 1-EDITOR $249.00 (reg. $289) special 

Same as above plus: Store and recall servo positions on 

diskette. Create complex movement sequences. 

plus: SV_TSR1.EXE Pass servo position values to our TSR 

Servo Controller Software from your programming language. 

plus: SVASM.obj An object module to convert Integers to 

physical movement. 

For IBM AT & Compatibles or better. Call for details 


RC ServoWare 

9205 Turtledove Lane • Gaithersburg, MD 20879 
(301)926-8583 
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If You're Serious 
About a Future in 


Electro n ics, Ensure that 
Future with the Best 
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Educational Training 

Available. 
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FREE! 


SEND FOR YOUR CIE HOME 
STUDY COURSE CATALOG AND 
RECEIVE A FREE 24 PAGE CIE 
ELECTRONICS SYMBOL HAND300K! 


Includes hundreds of the most frequently 
used electronic symbols. Published by 
CIE exclusively for our students a«d 
alumni. Yours free when you 
request a CIE Course Catalog 
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If you want to learn about electron- 
ics, and earn a good income with that 
knowledge then CIE is your best 
educational value. 

CIE's reputation as the world 
leader in home study electronics is 
based solely on the success of our 
graduates. And we've earned that 
reputation with an unconditional 
commitment to provide our students 
with the very best electronics 
training. 

Just ask 
any of the 
1 50,000-plus 
graduates of 
the Cleveland 
Institute of 
Electronics 
who are 
working in 
high-paying 
positions with 
aerospace, 
computer, 
medical, 
automotive 
and communi- 
cation firms 
throughout the 
world. 

They'll tell you success didn't 
come easy... but, it did come.... thanks 
to CIE. And today, a career in elec- 
tronics offers more opportunities and 
greater rewards than ever before. 

CIE's COMMITTED TO BEING 
THE BEST.. ..IN ONE 
AREA. . . . ELECTRONICS. 

CIE isn't another be-everything-to- 
everybody school. We teach only one 
subject and we believe we're the best 
at what we do. Also, CIE is accredited 
by the National Home Study Council. 
And with more than a 1,000 gradu- 
ates each year, we're the largest 
home study school specializing 
exclusively in electronics. CIE has 
been training career-minded students 
like yourself for nearly 60 years and 

we're the best at our subject 

ELECTRONICS ... BECAUSE IT'S THE 
ONLY SUBJECT WE TEACH! 


CIE PROVIDES YOU WITH A 
LEARNING METHOD SO 
GOOD, IT'S PATENTED. 

CIE's Auto-programmed lessons are a 
proven learning method for building 
valuable electronics career skills. Each 
lesson is designed to take you step-by- 
step and principle-by-principle. And 
while all CIE lessons are designed for 
independent study, CIE's instructors 
are personally available to assist you 
with just a toll- 
free call. The 
result is practical 
training... the 
kind of experi- 
ence you can put 
to work in today's 
marketplace. 

LEARN BY 
DOING... WITH 
STATE-OF- 
THE-ART 
FACIUTIES 
AND 

EQUIPMENT. 

In 1969, CIE 
pioneered the first Electronics Labora- 
tory course and in 1 984, the first 
Mircoprocessor Laboratory course. 
Today, no other home study school 
can match CIE's state-of-the-art equip- 
ment and training. And all your 
laboratory equipment, books, and 
lessons are included in your tuition. 

It's all yours to use while you study at 
home and for on -the -job after 
graduation. 

PERSONALIZED 

TRAINING.. ..TO MATCH YOUR 

BACKGROUND. 

While some of our students have a 
working knowledge of electronics 
others are just starting out. That's 
why we've developed twelve career 
courses and an A.A.S. Degree program 
to choose from. So, even if your not 
sure which electronics career is best 
for you, CIE can get you started with 


core lessons applicable to all areas of 
electronics. And every CIE course you 
take earns you credit towards comple- 
tion of your Associate in Applied 
Science Degree. So you can work 
toward your degree in stages or as 
fast as you wish. In fact, CIE is the 
only school that actually rewards you 
for fast study, which can save you 
thousands of dollars. 

SEND TODAY FOR YOUR CIE COURSE 
CATALOG AND WE LL SEND YOU A 
FREE 24 PAGE CIE ELECTRONICS 
SYMBOL HANDBOOK! 


□ 


I want to get started. 
Send me my CIE school catalog includ- 
ing details about the Associate Degree 
Program. (For your convenience, CIE 
will have a representative contact you - 
there is no obligation.) . _ „ 

a ' A029 

Name: 


Address:. 


City:_ 


State: 


Zip: 


-Age: 


Phone No. 


Check box for G.l. Bulletin Benefits 
□ Veteran □ Active Duty 


IIIIE 





CLEVELAND 
INSTITUTE OF 
ELECTRONICS 

1776 East 17th Street 
Cleveland, Ohio 44114 
(216) 781-9400 


Te a 

A school of thousands. 
A class of one. 
Since 1934. 



WHY CHOOSE CIE FOR YOUR TRAINING? 

■ 1 50,000 successful graduates from every country around the world. 

■ Only CIE rewards you for fast study. CIE offers an Associate Degree 
program based on actual study time used. The faster you complete your 
degree the less your overall tuition. 

■ State-of-the-art laboratory equipment is yours to keep and it comes 
assembled, ready for hands-on experiments. 

■ Approved for educational benefits under the G.l. Bill for veterans and other 
eligible persons. 

■ Upon graduation, CIE offers free preparation to pass the Certified 
Electronics Technician Exams. 
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MOTHER BOARDS 



MB286-1 2 

12 MHz 286 Mini 
Motherboard 

$99 

MB286-1 6 

16 MHz 286 Mini 
Motherboard 

$1 09 

MB386-25 

386 25 MHz 
Motherboard 

$229 

MB386-33C 

386 33 MHz 
Motherboard 

$459 

MB486-33 

486 33 MHz 
Motherboard 

$799 

CALL NOW 


1 (800)531-5369 

FOR THE NEW ALTEX CATALOG 


MEMORY BOARDS 


All memory boards come with Q/K Call for 
pricing wrth memory 


CALL FOR PRICING ON 
DYNAMIC MEMORY 
AND MEMORY MODULES 



Part# 

Description 

Each 

1FC47A 

BOCA 128K AT 

$79 


Memory Board 

1 

rc-6o 

AT Plus - Up to 

$119 


8 MEG RAM 


IFC-60A 

AT Memory Board 

$119 


8 MEG Using SIMMS 


lFC-61 

AT Memory Board 

$119 


with I/O - up to 4 MEG 


re-62 

PS-2 MOD 50 

$119 


60 EMS up to 2 MEG 


IFC-64 

PS-2 - EMS 

$99 


up to 2 MEG 


MEMO-576 

576K Ramboard 

$23 

IIT MATH COPROCESSORS 1 

2C87-12 

For 286 up to 12 5 MHz 

$78 

2C87-20 

For 286 up to 20 MHz 

84 

3C87-16SX 

For 386SX up to 



16 MHz 

100 

3C87-20SX 

For 386SX up to 



20 MHz 

113 

3C87-25SX 

For 386SX up to 25 MHz 

125 

3C87-25 

For 386 up to 25 MHz 

150 

3C87-33 

For 386 up to 33 MHz 

163 


DISK CONTROLLER BOARDS 



i - mm 1 

Part# 

Description 

Each 

IFC-1 4 

2 Floppy Controller 

Board PC/XT 

$13 

IFC-15 

Disk I/O Board Sena 

Parallel Clock, Game PC/XT 

$25 

iFC-24 

Fixed Disk MFM/2 Floppy 
Controller AT 

$55 

iFC-27-2 

AT 2 IDE 2/Floppy Controller 

$19 

IFC-27X 

XT 2/IDE Controller 

$69 

IFC-28 

XT MFM Hard Drive 

Controller Board 

$47 

ST-01 

8 Brt SCSI Controller 

$29 

ST-02 

8 Brt SCSI/Floppy 

Controller Board 

$47 

IN-2000 

16 Brt SCSI Hard/Floppy 

$189 

EXPANSION BOARDS 

Part# 

Description 

Each 

IFC-1 2 

Serial Board PC/XT 

$11 

IFC-1 2 A 

Second Serial p ort Kit for 
IFC-1 2 

$6 

IFC-25 

2 Serial Paralie 1 Game 

Board XT/ AT 

$16 

IFC-1 3 

Para'lel Board XT/AT 

$9 

IFC-1 9 

Clock Board PC/XT 

$10 

FC-19B 

Chipchip for PC/XT 

$24 

fFC-20 

Game Board 

XT/AT 2 Pons 

$9 

IFC-70 

BOCA 2 Serial 2 Paralie 

I/O Board 

$49 

IFC-73 

BOCA 2 Serial 1 Parallel 
& Clock Board 

$49 

IFC-75 

BOCA 2 Serial 1 Parallel 
MCA I/O Board 

$99 

IFC-76 

BOCA Parallel Port MCA 

I/O Board 

$55 

COMMUNICATION BOAROS 

Part# 

Description 

Each 

MS-400 A 

Multi-Serial Board 
for PC/AT 

$89 

MS-422A 

Dual RS 232/422 

Serial Card for PC/AT 

$69 

MU-440 

Multi-User Board 

$1 39 

LCS-8880 

4-Port Multi-Terminal Card 

$75 

j VDEO BOARDS 


IFC-32 

IFC-33 

IFC-42 

IFC-42C 

VG-7000 


Mono Board 
w/prmter port XT/AT 
Color Graphics 
w/printer port XT/AT 
640x480 VGA Card 
BOCA Super VGA Card 
Super VGA W/512K 


$16 

$25 


RELISYS 


I \ 

rjli. ■ 

MONITORS j 

1 



1 


1 

MONITORS 


COMPUTER CASES 


Part# Description Each 

STC-12 Baby AT Case $83 

STC-05 Baby Vertical w/230 Watt $89 

Power Supply 

STC-10 Regular AT Case w/230 $95 

Power Supply 

STC-08 Medium Vertical Case $119 

w/230 Watt Power Supply 
STC-18 Regular Vertical w/250 $133 

Watt Power Supply 

STC-1 6 Regular Vertical $136 

w/250 Watt Power Supply 


C™ 




RM9502 


RE1420 


R El 520 


Monochrome VGA $139 

(800x350 400, 480) 

SuperVGA (1024 x 768) $359 

Unlimited Colors 

1 5’ Super VGA Monitor $469 

(Noninterlaced up to 1024x768) 


POWER 

SUPPLIES 



PS-150 

PS-150UL 

PS-200M 

PS-200MUL 

PS-200 

PS-200UL 

PS-220 

PS-230UL 

PS-200MINI 


150 watt XT Power Supply $32 
Same as PS-150 • UL Listed $69 
200 watt XT power Supply $36 
Same as PS-200M UL Listed$89 
200 watt AT Power Supply $42 
Same as PS-200 - UL Listed $89 
220 watt Vertical Case 
Power Supply $79 

230 watt Vertical Case $99 
Power Supply - UL Listed 
200 watt Baby Vertical Case 
Power Supply $59 


MON- 05 


MON-Q6 

UON-10 


MON-07 


Monochrome TTL 
Amber 12* 

Paper White TTL 14* 
CG A/RGB 
(640 x240) 14’ 

VGA 41 Dot Pitch 
(640 x 480) 14’ 


KEYBOARDS 


$89 

$112 

$219 

$239 


Limited Quantities 

KBY-60 AT Style 10 Function Keys $19 
XT or AT 
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DISKDRIVES 


Part# Description Each I 

KBY-39 Enhanced Style $49 1 

12 Function Keys XT or AT 
K-156 (XT, AT) $35 1 

101 keys with regular footprint for XT or AT 
Size 20 1/2’L x 7 7/8’W x 1 13/16’H 
K-160 Narrow Footprint 

101 keys XT or AT 
Size 18 1/2'L x 6 1/2’W x 1 5/16’H 
K-158 Small Footprint 

101/102 keys 22 percent smaller than regular 
footprint 

Size 15 3/4’L x 7 7/8’W x 1 13/16’H. 

K-158-1 Small Footprint $47 | 

Spanish Language 


HARD DRIVES 



DDD-G4 


DDD-05 


DDFM36 


DDH-09 


DDH-1 0 


DDH-1 1 


RAIL01 

FP-BLK 


5 1/4 inch DSDD 
360K black faceplate 
5 1/4 mch DSDD 
360K beige faceplate 
5 1/4 nch DSHD 
1 2MB beige faceplate 
3 1/2 inch 720K beige 
w/brkt 

3 1/2 inch 1 44MB 
beige w/brkt 

Same as DDH-10 wrthout 
5-1/4* mounting bracket 
Fits in 3-1/2’ bay 
AT Drrve Rai 1 Krt 
1/2 Height Black 
Faceplate 


$59 


$59 


$59 


$59 


$1 .99 
$249 


ST-251 40 MB MFM 28 MS 

Hard Drrve 5-1/4* 
ST-351 A 40 MB IDE 28 MS 
Hard Drrve 3-1/2* 
ST-3120A 105 MB IDE 15 MS 
Hard Drive 3-1/2* 
ST-3144A 120 MB IDE 19 MS 
Hard Drive 3-1/2’ 
ST-1239A 210 MB IDE 15 MS 
Hard Drive 3-1/2* 
ST-296N 84 MB SCSI 19 MS 

Hard Drive 5-1/4* 
ST-1239N 204 MB IDE 15 MS 
Hard Drive 3-1/2* 
ST-1480 N 426 MB SCSI 14 MS 
Hard Drrve 3-1/2’ 


$369 

$649 

$1399 


TO ORDER (800) 531-5369 FAX (512) 637 3264 TO ORDER (800) 531-5369 FAX (512) 637-3264 TO ORDER (800) 531-5369 FAX (512) 637-3264 
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